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Abstract 
 
Increasing physical activity (PA) through exercise is associated with improvements in 
many of the symptoms associated with Multiple Sclerosis (MS) such as fatigue, 
strength, balance and mobility. Despite this, people with MS remain largely inactive. 
Interventions that are grounded in theory and that aim to change PA behaviour need to 
be developed. The aim of this thesis was to develop a web-based intervention to 
increase PA levels among people with MS, namely, ‘Activity Matters’.  
The thesis was underpinned by the development stage of the MRC Framework for the 
Development of Complex Interventions and the Behaviour Change Wheel process. 
Specific objectives of this thesis included: 1) Identifying the Evidence Base, 2) 
Identifying and Developing the Theory and 3) Modelling Process and Outcomes of the 
‘Activity Matters’ intervention.  
The evidence base for the ‘Activity Matters’ intervention was identified through a 
meta-analysis of objective PA levels among people with MS. This was the first meta-
analysis of objective PA levels only in this population. Results showed that people 
with MS are significantly less active than their healthy counterparts across PA outputs 
of steps per day and minutes of MVPA per day. These findings support the need for 
future PA intervention development.   
This thesis contributed to identifying and developing the theory base for the ‘Activity 
Matters’ intervention and ultimately aimed to understand PA behaviour among people 
with MS. Four chapters in the thesis provided crucial quantitative and qualitative data 
that met this aim. In summary, previous interventions have not been successful in 
changing medium-long-term PA behaviour among people with MS and factors such 
as self-efficacy, goal-setting, mood and knowledge were recognised as important to 
include in future interventions.  
The final objective of this thesis was to model the process and outcomes of the 
‘Activity Matters’ intervention using the steps outlined by the BCW. Data from this 
thesis informed this process. Results showed that the ‘Activity Matters’ intervention 
is theoretically based and constructs including, knowledge, memory, attention and 
decision processes, skills, social influences, environmental context and resources, 
beliefs about capabilities, beliefs about consequences, goals and emotions were 
recognised as important. Intervention functions and techniques that will be used on the 
website include education, enablement, environmental restructuring, persuasion, 
incentivisation, action planning, goal-setting, social-support and problem-solving.  
Future research directions include refining the content and design of ‘Activity Matters’ 
intervention through usability testing and the development of a patient-public 
stakeholder group. Once refined, a pilot randomised control trial will be conducted to 
test procedures, estimate recruitment and determine the sample size for a large scale 
evaluation that will test effectiveness.  
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Chapter Outline 
 
This chapter provides an introduction to the thesis topic. Two main sections on 1) 
Multiple Sclerosis and physical activity and 2) Web-based interventions as a medium 
for behaviour change will be presented first. The chapter will conclude with the thesis 
aims and objectives, whilst also providing an outline for the rest of the thesis (Chapters 
2- 8).  
Introduction to the Topic- Multiple Sclerosis and Physical Activity 
 
Multiple Sclerosis- Pathophysiology, Signs and Symptoms, Diagnosis and 
Prevalence  
 
Multiple Sclerosis (MS) is a neurological disease characterised by central nervous 
system (CNS) inflammation, demyelination, axonal injury and axonal loss 
(Wingerchuk et al. 2001). Whilst the etiology of MS is unknown, epidemiological data 
has shown that both genetic and environmental factors play a key role in the 
development of the disease as suggested by variance in prevalence rates worldwide 
(Koch-Henriksen and Sørensen 2010). Highest incidences occur in North America and 
Northern Europe with prevalence rates between 108-140:100,000, in comparison to 
lower rates in Africa and East Asia of 0-20:100,000 (Browne et al. 2014). In Ireland, 
prevalence rates are as high as 290.3:100,000 (Lonergan et al. 2011), with an annual 
incidence rate of 6:100,000 and a female:male ratio of 2.7:1(O’Connell et al. 2017).  
MS costs the Irish society 429 million euro per annum with higher disability associated 
with increased costs (MS Ireland, 2015).   
The location and severity of MS lesions within the brain and/or spinal cord is 
unpredictable and, therefore a wide range of body systems can be affected to variable 
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degrees (de Sa et al. 2011). As a result, there are a myriad of symptoms and these 
include, weakness, balance and mobility problems, fatigue, depression, spasticity, 
tremor, ataxia, seizures, pain, sleep disorders, nystagmus, sexual dysfunction, and 
urogenital and bowel disorders (Kamm et al. 2014). A 16-country European survey of 
MS patients (n=721) reported that MS symptoms affect productivity at work (69%), 
and symptoms of fatigue (93%) and cognition (64%) are reported as most bothersome 
(Calabrese et al. 2017). In an Irish cohort of bilateral walking aid users, 111 people 
with MS reported mobility, fatigue, balance and weakness as their main problems 
(Hogan et al. 2014).  
The diagnosis of MS is made using a combination of clinical and laboratory 
assessments with an MRI of the brain/spine used to confirm the diagnosis in most cases 
(Polman et al. 2011). The most widely used diagnostic criteria is the McDonald 
Criteria (Polman et al. 2011). These criteria allow for earlier diagnosis of MS, 
exclusion of differential diagnoses and have a high degree of specificity and sensitivity 
(Tintore et al. 2003, Simon et al. 2002). Once diagnosed, the clinical course of MS can 
be categorised in to four distinct patterns: relapsing-remitting (RR), secondary 
progressive (SP), primary progressive (PP) and progressive relapsing (PR) (Kamm et 
al. 2014). A relapse, defined as new neurological symptoms lasting longer than 24 
hours and in the absence of fever/infection, is the initial clinical symptom in 85% of 
patients who are then diagnosed with RR-MS (Kamm et al. 2014). RR-MS will 
progress to SP-MS in 75% of cases and is characterised by a steady worsening of 
symptoms after an initial relapsing course (Confavreux and Vukusic 2006). Only 15% 
of patients will be given a diagnosis of PP-MS from the onset and this disease course 
is more severe than those with RR-MS and SP-MS with a steady worsening of 
symptoms (Kamm et al. 2014).  
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Benefits of Physical Activity for People with Multiple Sclerosis 
 
Physical Activity (PA) can be defined as any bodily movement produced by 
contraction of skeletal muscles that results in a substantial increase in energy 
expenditure. Exercise is a sub set of PA and is planned, structured or repetitive 
(Caspersen et al. 1985). Systematic reviews and meta-analyses highlight the benefits 
of PA, largely through exercise interventions, for improvements in MS symptoms such 
as fatigue, strength, balance, mobility and quality of life (Kjølhede et al. 2012, Pilutti 
et al. 2013, Gunn et al. 2015, Snook et al. 2009, Motl and Gosney 2007, Motl et al. 
2017). In addition, there is a body of evidence to suggest the positive effects of PA on 
the risk of non-communicable diseases such as Cardiovascular Disease and Type 2 
Diabetes Mellitus (Reiner et al. 2013). The risk of Cardiovascular Disease is important 
to reduce in people with MS given it’s associations with a shortened life span 
independent of disability status and age (Torkildsen et al. 2008).  Importantly, exercise 
is safe for people with MS (Pilutti et al. 2014) with no suggestion of a negative 
influence on disease activity (Tallner et al. 2012).  
The Guidelines of Physical Activity among People with Multiple Sclerosis  
 
The evidence base for the benefits of PA among people with MS led to the 
development of guidelines for prescribing exercise to this population (Latimer-Cheung 
et al. 2013). These guidelines were developed from a comprehensive systematic 
review which included 54 studies that examined the effects of exercise on aerobic 
capacity, muscular strength, mobility, fatigue and health-related quality of life (QoL) 
(Latimer-Cheung et al. 2013). The sample of people with MS included in the review 
were of a mild-moderate disease course and largely ambulatory with or without an aid. 
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The review concluded that there is sufficient evidence that exercise can improve 
strength and aerobic capacity among people with mild-moderate MS and may improve 
mobility, fatigue and health-related QoL.  
The review resulted in the following published guidelines:  
People with mild-moderate MS should aim to: 
 Perform aerobic exercise for a minimum of 30 minutes, at moderate intensity, 
two times a week and; 
 Complete two sets of muscle strengthening exercises for major muscle groups, 
with 10-15 repetitions per set, two times a week.  
Although there is no specific research investigating if people with MS are meeting 
these guidelines, there is an ever expanding body of literature quantifying PA levels 
among people with MS.  
Quantifying Physical Activity Among People with Multiple Sclerosis 
 
A meta-analysis conducted over ten years ago by Professor Motl and colleagues was 
the first review paper to quantify PA levels among people with MS and concluded that 
people with MS are largely physically inactive (Motl et al. 2005). The authors of this 
meta-analysis have recently published an updated version to investigate if the 
increased evidence base for the benefits of PA has altered these PA rates among people 
with MS (Kinnett-Hopkins et al. 2017). The updated review included 21 studies, 5303 
persons with MS and PA was measured both by self-report (n= 15) and objective 
(n=15) measurement in these studies. Results confirmed that people with MS remain 
less active than their non-diseased counterparts with a moderate weighted mean effect 
size of -0.57 (95% CI= 0.76, -0.37). However, this effect size was moderated by self-
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report versus objective measurement of PA highlighting discrepancies between both 
forms of measurement. Results from a large scale, European study, on 1713 healthy 
individuals has shown that there is only modest agreement between self-report and 
objective measures of PA (Steene-Johannessen et al. 2015) and concludes by 
suggesting that use of objective measures in large-scale cohort studies is 
recommended. Self-report measures should be interpreted with caution (Prince et al. 
2008).  
What is the Target Physical Activity Behaviour within Interventions? 
 
As suggested by healthy population literature, objective measurement of PA is 
warranted within interventions. However, there is no guidance for researchers on 
which objective PA output to target within our interventions. Do we increase steps per 
day? Minutes of moderate-vigorous PA (MVPA) per day? Do we ensure people with 
MS meet the MS PA guidelines?  
It is clear that people with MS remain inactive and intervention developers must 
choose a target PA behaviour. The author of this thesis suggests that the target 
behaviour is an increase in any objective PA output(s) (increased steps per day, 
increased minutes of MVPA, etc.) given the limited validation/evidence for choosing 
one PA output over another and the crucial need to change PA rates in this population. 
To capture change, intervention developers should therefore measure PA across a 
broad range of objective characteristics. Such characteristics to capture include PA 
intensity, time, type and duration. 
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In summary, despite known benefits of PA and the development of exercise guidelines, 
people with MS remain physically inactive. There is a need to promote PA behaviours 
among people with MS and change objective PA rates in this population.  
The Web as a Medium for Physical Activity Behaviour Change  
 
Web-Based Interventions for Physical Activity Promotion 
 
Since 2000, there has been a 300% increase in web usage with internet users 
representing 23.5% of the world’s population (Group 2010). Internet interventions 
offer an alternative method for PA behaviour change and such interventions vary in 
content and purpose (Bossen et al. 2014). Systematic reviews and meta-analyses of 
web-based interventions for PA promotion among healthy populations have shown 
promise for its use, yielding larger effects than waitlist controls and the same effects 
as face-face methods (Davies et al. 2012, Vandelanotte et al. 2007). The web provides 
an opportunity to provide cost-effective health-care promotion for people who cannot 
access standard care due to increased disability or living remotely (Norman et al. 
2007). In addition, web-based services are convenient for those who want to work in 
their own environment and in their own time (Ritterband et al. 2003).  
Multiple Sclerosis and Web-Based Technology 
 
Among people with MS, computers, the internet and mobile-phones are extensively 
used (Lejbkowicz et al. 2010). A recent survey of 196 people with MS in the UK and 
Ireland reported that over 86% of respondents had internet access on their mobile 
phone (Griffin and Kehoe 2017). Due to this increase in web usage, the online health 
seeking behaviour of MS patients has been explored. One survey of 86 people with 
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MS found that participants went online 20 times per year to seek medical information, 
which is over double that of other chronic illness groups (Avitzur 2003). Another 
survey of 61 people with MS reported that over 86% of participants gathered medical 
information online before their first neurology appointment (Hay et al. 2008). 
Evidence also suggests that while there is an increased trustworthiness in medical 
information from a physician, the web remains the first source of health information 
and this has important implications in the dissemination of information to people with 
MS (Marrie et al. 2013). In relation to PA information, the internet has been reported 
as the preferred source by people with MS due to accessibility (Sweet et al. 2013).  
The web is popular and accepted among people with MS, however the question arises 
as to whether it is the optimum medium for PA behaviour change in this population.  
Web-based Physical Activity Interventions for People with Multiple 
Sclerosis 
 
There has been no systematic review or meta-analysis conducted for the effects of 
web-based interventions on PA behaviour among people with MS. However, a 
protocol for a systematic review with this aim has been recently published (Dennett et 
al. 2016). The authors of this protocol aim to conduct a systematic review and identify: 
1) the clinical effectiveness of web-based interventions in enabling people with MS to 
increase their PA levels as evaluated by measures of PA, 2) if (short- or long-term) 
web-based interventions enable people with MS to achieve the PA levels 
recommended in guidelines for adults with MS and 3) if the use of web-based 
interventions enables people with MS to maintain recommended levels of PA after the 
intervention has ceased and at short- and long-term follow-up. 
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Whilst a specific review has not been conducted for web-based PA interventions, other 
reviews and meta-analyses on technology based rehabilitation interventions (Rintala 
et al. 2016) and behaviour change interventions (Sangelaji et al. 2016) among people 
with MS have included internet/web interventions. The review on technology-based 
interventions (Rintala et al. 2016) included 5 internet randomised control trials (RCTs) 
with an outcome of PA whilst the review on behaviour change interventions (Sangelaji 
et al. 2016) included 4 internet RCTs with an outcome of PA. Three RCTs were 
common to both reviews (Motl. et al. 2011, Dlugonski et al. 2012, Sandroff et al. 
2014). Both reviews showed statistically significant improvements in short-term PA 
(objective and self-report) but no change in long-term PA.  
Introducing The ‘Activity Matters’ Intervention and Thesis Aims. 
 
The web has proven popular, safe and feasible among people with MS. However, there 
is a need to develop web-interventions that result in long-term objective PA change in 
this population. This is the aim of this thesis.  
The author, in collaboration with MS Ireland, aimed to develop a web-based resource 
to increase objective PA levels among people. The intervention is entitled ‘Activity 
Matters’ and will be developed using the steps outlined in the MRC Framework for 
the Development of Complex Interventions (Craig et al. 2008) and the Behaviour 
Change Wheel (Michie et al. 2011). These frameworks will be discussed below.  
 
The Importance of Theory within ‘Activity Matters’ 
 
There is suggestion that that sub-optimal effects of previous behaviour change 
interventions, web-based or not, are due to a lack of theoretical consideration at the 
10 
 
 
development stages of these interventions (Michie et al. 2005). The UK Medical 
Research Council (MRC) Framework for the Development of Complex Interventions 
in healthcare (Figure 1.1) informs this thesis (Craig et al. 2008), and also highlights 
the importance of theory. Whilst some PA interventions in the MS literature have used 
behaviour change theory within interventions, the Social Cognitive Theory (SCT) 
(Motl. et al. 2011, Dlugonski et al. 2012, Sandroff et al. 2014) and the Transtheoretical 
Model (TTM) (Carter et al. 2014), these models have been used in a top-down 
approach with little detail on content specification for the intervention. This in turns 
reduces intervention transparency and makes replication difficult.  
 
Figure 1.1: The Medical Research Council Framework for the Development of 
Complex Interventions (Craig et al. 2008).   
Over 100 behavioural theories exist with little clarity on how to choose the most 
appropriate model/theory for your behaviour in question (Michie et al. 2011). 
Fortunately, this gap has been addressed with the development of the Behaviour 
Change Wheel (BCW) (Michie et al. 2011) which is the behavioural framework that 
was used to develop the ‘Activity Matters’ intervention.  
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The Behaviour Change Wheel (BCW) 
 
The BCW represents a synthesis of 19 theoretical frameworks/models for the 
development of complex interventions (Michie et al. 2011). It has the advantage of 
offering a ‘bottom-up’ approach with the concept that it is not until a behaviour is truly 
understood that a behaviour will be changed. At the core of the BCW is the COM-B 
model in which behaviour change is conceptualised by requiring a shift in a person’s 
capability (C), opportunity (O) and motivation (M). Capability can be physical or 
psychological, opportunity can be physical or social and motivation can be reflective 
or automatic.  
 
Figure 1.2: The Behaviour Change Wheel (Michie et al. 2011). 
The subdivisions of the COM-B can be further broken down into 14 theoretical 
domains, specified by the Theoretical Domains Framework (TDF) (Cane et al. 2012) 
(Table 1.1). The TDF is an amalgamation of 28 theoretical constructs from 33 theories 
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of behaviour change.  The COM-B model and TDF further guide the choice of 9 
potential intervention functions; education, persuasion, incentivisation, coercion, 
training, enablement, modelling, environmental restructuring and restrictions. These 
intervention functions are in turn linked to policy categories and a taxonomy of 93 
behaviour change techniques (BCTs) (Michie et al. 2013) which are the active 
components of an intervention that are designed to change behaviour (Michie et al. 
2011). The structured approach of the BCW will provide transparency to development 
of the ‘Activity Matters’ intervention and aid content specification for the web-
intervention. 
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COM-B Component TDF Domain 
Capability Psychological Knowledge 
Cognitive and interpersonal skills 
Memory, attention, and decision 
processes 
Behavioural regulation 
Physical Skills 
Opportunity Social Social influences 
Physical Environmental context and resources 
Motivation Reflective Social/professional role and identity 
Beliefs about capabilities 
Optimism 
Beliefs about consequences 
Intentions 
Goals 
Automatic Reinforcement 
Emotion 
 
Table 1.1: Explanatory domains of the TDF, categorised by the COM-B components 
(Cane et al. 2012) 
 
 
 
14 
 
 
Examples of Behaviour Change Interventions using the BCW 
 
Publications arising from the use of the BCW in the development process of behaviour 
change interventions are increasing. However, due to the fact that the BCW is a 
relatively new framework, there is little evidence for the effectiveness of interventions 
that have used this framework. Intervention developers that have used the BCW 
process in the development of interventions, including; PA, (Webb et al. 2016, Connell 
et al. 2015), smoking cessation (Fulton et al. 2016) and multi-morbid prescribing 
interventions (Michie et al. 2005) are all in agreement it is a comprehensive framework 
and provides greater control over intervention replication and evaluation. However, 
they are also in agreement it is a consuming process with reports of the development 
process of an intervention taking 3-4 years before piloting stages (Larkin et al. 2017, 
Sinnott et al. 2015). This is supported by the MRC Framework for the Development 
of Complex Interventions, and not necessarily a limitation.  To increase effectiveness, 
before an intervention is piloted, evaluated or implemented there should be significant 
time spent in the development stage (Craig et al. 2008).  
To the authors knowledge, there has been no MS PA intervention developed using the 
stages of the MRC framework for the development of complex interventions and the 
steps of the BCW.  
Mapping the steps of the BCW and the MRC development stages for 
‘Activity Matters’. 
 
The three stages in the development stage of the MRC Framework for the 
Development of Complex Interventions have been mapped on to 8 steps of the BCW 
to enhance clarity and generalizability in an intervention design (Sinnott et al. 2015). 
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These steps are described in Table 1.2. Further detail on the mapping process for 
intervention development can be found in the BCW textbook by Michie and colleagues 
(2011) and will be outlined in more detail in chapter 7. 
The objectives of the mapping process can be contextualised to the ‘Activity Matters 
intervention as follows:  
 To identify the evidence base of ‘Activity Matters’ and establish if physical 
inactivity is still a problem among people with MS with an updated review of 
PA levels using only objective measurement among people with MS. This 
review will further inform specifics on what to target with regards PA 
measurement, can our target behaviour be defined as more than a change in 
objective PA levels? And also who to target among people with MS.  
 To identify/develop the theory of ‘Activity Matters’. This objective involves 
understanding PA behaviour among people with MS through a variety of 
original qualitative and quantitative methods and systematic reviews of 
previous PA interventions and theoretical constructs associated with PA. This 
stage highlights what needs to change and what needs to be included in future 
interventions.  
 To model the process and outcomes of the ‘Activity Matters’ intervention. 
This objective includes one paper that describes the development process of 
the intervention using the steps of the BCW and the MRC Framework for the 
Development of Complex Interventions (Table 1.2), the paper will result in the 
final description of the ‘Activity Matters’ intervention and provide information 
on future evaluation.  
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MRC Development 
Stage 
BCW Steps Associated Thesis Chapter(s) and Aims 
1. Identify the 
Evidence Base 
 
 
 
 
 
 
 
2. Identify/Develop 
theory 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1. Define the problem in 
behavioural terms 
 
2. Select the target behaviour 
 
3. Specify the target behaviour 
 
 
 
4. Identify what needs to change 
 
5. Identify intervention functions 
 
6. Indentify policy categories 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Chapter 2- Objective Physical Activity Levels in People with Multiple 
Sclerosis: Meta-Analysis. 
a) To quantify physical activity (PA) levels in people with MS using objective 
measurement only.  
b) To establish using a meta-analytical approach if people with MS are less 
physically active than a general population sample. 
 
 
Chapter 3- Changing physical activity behavior in people with Multiple 
Sclerosis: A Systematic Review and Meta-Analysis. 
a) To examine the totality of the evidence on the effectiveness of behavioural 
interventions on PA behaviour in people with MS. 
 
Chapter 4- Modifiable Psychosocial Constructs Associated with Physical 
Activity Participation in People with Multiple Sclerosis: A Meta-Analysis.   
a) To synthesise current knowledge of the modifiable psychosocial constructs 
associated with PA participation in people with MS 
 
Chapter 5- Do Multiple Sclerosis Symptoms Moderate the Relationship 
Between Self-Efficacy and Physical Activity in People with Multiple 
Sclerosis? 
a)  To investigate the bivariate correlations between objective PA, self-efficacy 
and a range of MS symptom measures. 
 
Chapter 6-  What do people with MS want from a web-based 
resource to encourage increased physical activity 
behaviour? 
a)  To investigate what people with people with MS want from a web based 
resource that encourages PA. 
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3.Model process and 
ouctomes 
 
7. Identify behavioural change 
techniques 
 
8. Determine the mode of 
delivery 
 
Chapter 7- Activity Matters: A Web-based resource to enable people with 
Multiple Sclerosis to become more active. 
a)    To describe the development process of a web-based resource to enable 
people with MS to become more active, namely, ‘Activity Matters’.   
 
Table 1.2: Mapping steps of the Behaviour Change Wheel (BCW) to the three stages of the Medical Research Council (MRC) Framework 
for the Development of Complex Interventions and the Thesis chapters (Sinnott et al. 2015) 
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Thesis Outline 
 
The thesis is presented as a thesis by publication. There are 8 Chapters of which 6 are 
papers (Chapters 2-7) that have been either published or accepted for publication in 
peer-reviewed journals. These 6 papers/chapters are mapped on to the MRC 
Framework for the Development of Complex Interventions and BCW steps as outlined 
in Table 2. The other 2 chapters comprise the introduction (Chapter 1) and a discussion 
and conclusion (Chapter 8).  Excluding this chapter (Chapter 1), the thesis chapters 
can be introduced as follows under the headings of the MRC Development Stage and 
BCW steps for clarity: 
MRC Development Stage 1: Identify the Evidence Base 
 
Chapter 2 
Chapter 2 is a meta-analysis of objective PA levels among people with MS. This 
review aims to define the problem of physical inactivity in this population and 
demonstrate a need for a PA intervention such as ‘Activity Matters’. The review will 
also inform how we specify the target behaviour of PA, in terms of objective PA 
measurement and definition. This paper has been accepted for publication in the 
Scandinavian Journal of Medicine and Science in Sports.  
MRC Development Stage 2: Identify/Develop the Theory 
 
Chapter 3 
Chapter 3 is the first of four papers in this section that aims to understand PA 
behaviour among people with MS, identify what needs to change within interventions 
and identify appropriate intervention functions. This chapter is a systematic review 
and meta-analysis of behavioural interventions that have an outcome of PA. Specific 
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aims of this review are to examine the effectiveness of previous intervention, examine 
the use of theory within these interventions and explore the use of behaviour change 
techniques (BCTs). This review has been published in Archives of Physical Medicine 
and Rehabilitation.  
Chapter 4 
Chapter 4 continues to understand PA behaviour among people with MS and identify 
what is needed in future interventions. This chapter is a meta-analysis and systematic 
review of psychosocial constructs associated with PA behaviour in people with MS. 
This review has been published in Archives of Physical Medicine and Rehabilitation.  
Chapter 5 
This chapter is an original quantitative paper. The relationship between self-efficacy 
and PA is a well-known and the authors aims to explore this relationship among a 
sample of inactive people with MS. A specific objective of this study is to establish if 
MS specific symptoms moderate this relationship between self-efficacy and PA. 
Broadly, this paper aims to understand if MS symptoms play a role in understanding 
PA behaviour in this population. This paper has been published in Rehabilitation 
Psychology journal.  
Chapter 6 
This chapter is a qualitative paper which explores the possible intervention 
options/functions for ‘Activity Matters’. The paper asks people with MS, through 
semi-structured interviews and focus groups, what they want from a web-based 
resource to enable PA behaviour. This paper has been published in Disability and 
Rehabilitation.  
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MRC Development Stage 3: Modelling Process and Outcomes 
 
Chapter 7 
The chapter is a paper which describes the development process of the ‘Activity 
Matters’ intervention by mapping the findings from Chapters 2-6 to the MRC complex 
interventions framework and the BCW steps. The paper includes the identification of 
intervention functions, behaviour change techniques and the finalised mode of 
delivery of the intervention. The paper has been published in the journal of 
Translational Behavioural Medicine.  
Discussion and Conclusion 
 
Chapter 8 
This chapter presents a summary of the thesis findings, limitations and strengths of 
the thesis, implications for clinical practise, future research directions and an overall 
conclusion. 
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Abstract 
 
Purpose: To quantify physical activity (PA) levels in people with Multiple Sclerosis 
(pwMS) using objective measurement and to establish using a meta-analytical 
approach if pwMS are less active than the general population. 
Methods: A systematic search of 8 databases was conducted. Cohort and intervention 
studies which included an objective measure of PA were included. Objective PA 
outputs of steps per day and minutes of moderate-vigorous activity (MVPA) per day 
were extracted from the MS studies and the published NHANES dataset. Meta-
analysis was used to compare the differences between the groups for these parametric 
outcomes. A general population sample from the National Health and Nutritional 
Examination Survey (NHANES) in the United States of America was used as a 
comparative group.   
Results: The systematic search resulted in 32 papers (n=2 randomised control trials, 
n=30 cohort studies). A total of 3 762 pwMS were included.  The sample was largely 
female     (n=3 118, 82.8%) and ambulatory with/without use of an aid (n=31 studies). 
There were significant differences between the MS and the published NHANES 
comparative group with respect to 1) steps per day [mean difference: -3 845 (-4 
120.17,-3 569.83), p<0.0001, n=10 studies] and 2) minutes of MVPA per day [mean 
difference: 9.00 (-12.5, -5.4), p<0.0001, n= 3 studies], indicating pwMS are less 
physically active than the NHANES sample.   
Conclusion: Results suggest that pwMS are less physically active than a general 
population across PA outputs of steps per day and minutes of MVPA per day. There 
is a need to increase PA levels among pwMS.  
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Introduction 
 
The benefits of engaging in regular physical activity (PA) are well known. PA has a 
positive long-term influence on non-communicable diseases including, Type 2 
Diabetes Mellitus, Cardiovascular Disease and/or obesity (Reiner et al. 2013). For 
people living with Multiple Sclerosis (MS), a chronic inflammatory demyelinating 
disease of the central nervous system, engaging in PA is also associated with 
improvements in fatigue, strength, balance, mobility and quality of life (Gunn et al. 
2015, Kjølhede et al. 2012, Motl and Gosney 2007, Pilutti et al. 2013, Snook et al. 
2009). Despite this, it is reported that people with MS (pwMS) are less physically 
active than their healthy counterparts, who themselves are largely sedentary (Motl et 
al. 2015).  
In order to develop effective interventions and to evaluate change in PA behaviour in 
this population, the extent of the problem must be investigated through accurate 
measurement (Michie et al. 2013). Evidence from research among healthy populations 
suggests that accurate measurement is achieved through objective methods 
(Ainsworth et al. 2015). Support for this has been found in a recent European study, 
in which objective and recall-based self-report methods were compared in 1713 
healthy individuals (Steene-Johannessen et al. 2015). That study showed that there is 
only modest agreement between self-report and objective measures in estimating PA 
and concludes by suggesting self-report measurements should be interpreted with 
caution. 
The question of whether daily PA levels are reduced in pwMS and by how much is 
critical for clinicians and those advocating exercise interventions in this population. 
Prior reviews published in 2005 (Motl et al. 2005) and updated in 2017 (Kinnett-
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Hopkins et al. 2017) have aimed to address this question and have concluded that 
pwMS are less physically active than their healthy counterparts.  However, over 60-
70% of studies included in these reviews comprised self-report measurement of PA 
and ‘objective vs self-report’ measurement of PA was noted as a moderator of the 
effect size in these reviews. Once again, this suggests discrepancy between objective 
and self-report measurements. Additionally, both reviews reported mean effect sizes 
without further quantification of PA. It is hypothesised that by providing information 
on specific outputs of PA (e.g steps, energy expenditure, etc.) that further insight can 
be provided on how pwMS respond to different measurements of PA.  To the authors 
knowledge, no review has been conducted to date that has aimed to quantity objective 
PA levels among pwMS only.  
Therefore, the aims of this review are to quantify current objectively measured PA 
levels in pwMS by reporting cumulate PA outputs in terms of steps per day and 
minutes of moderate-vigorous PA (MVPA) per day. In addition, this review will 
compare PA levels among pwMS to healthy, aged-matched controls using data from 
a large national database. 
Methods 
 
This systematic review and meta-analysis is structured according to the Meta-
Analysis of Observational Studies in Epidemiology (MOOSE) group (Stroup et al. 
2000).  
Search Strategy 
The search strategy was developed by primary investigator (AD), along with a doctoral 
student (BC). A list of search terms was generated from a review of keywords included 
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in select articles.  The list was further supplemented with the synonyms of these 
keywords. The search terms are outlined in Table 2.1.   
The search was conducted in March 2016 by doctoral student, BC, through eight 
electronic databases: CINAHL (2000 – March 2016), AMED (2000 – March 2016), 
SPORTDiscus (2000 – March 2016), Web of Science (2000 – March 2016), 
MEDLINE (2000 – March 2016), Cochrane Database of Systematic Reviews (2000 – 
March 2016), PsycINFO and PyschArticles (2000 – March 2016). Search was limited 
to years ranging from 2000-2016 based on changes in the objective measurement of 
PA using accelerometers. 
MS-related 
search terms 
Physical activity-related 
search terms 
“Multiple 
sclerosis” OR 
“MS” 
“exercise” OR 
“physical activity” OR 
“exercise prescription” 
OR “exercise therapy” 
OR “training” OR 
“fitness” OR “aerobic” 
OR “strength” OR 
“resist” OR 
“ambulatory activity” 
OR “walk” OR 
“workout” OR 
“physical fitness” OR 
“accelerometer” 
 
Table 2.1: A list of search terms 
 
Study Identification and Selection 
The search focused on English language studies that examined physical activity (PA) 
levels among people with MS exclusively. For this review, only studies that had an 
objective measure of PA were included. Objective measurements may include but are 
not limited to: step count, activity counts and energy expenditure. Observational (case-
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control, cross sectional and cohort) and experimental studies were included for review 
where the objective PA measurements for the MS group could be independently 
identified at baseline. Studies were excluded if a) PA was measured subjectively only, 
b) if PA was measured as a combined total of a subjective and objective measure and 
c) if the sample was not exclusively persons with MS.  
Study screening was conducted independently by two researchers during the months 
March and April 2016. After removing duplicate citations, the researchers 
independently reviewed titles and abstracts of the citations to determine inclusion 
(Figure 2.1). Firstly, citations were excluded if the content did not meet an inclusion 
criterion or if the citation was for a review article or conference abstract. In the second 
step, the researchers read the full text of the articles that had met the criteria of the 
initial review and determined whether they were suitable for final inclusion in the 
review. Finally, the researchers compared the number of articles that they had included 
or excluded, along with their reasons for these decisions. Discrepancies in the final list 
of articles were discussed, with the primary investigator (AD) reviewing articles when 
necessary to come to an agreement. 
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  Records identified through database 
searching 
(n=27,226) 
CINAHL= 1,331, SPORTdiscus=1,189, 
ISI Web of Science=14,722, 
Medline=7,827, PsychInfo= 1,682, 
PsychArticles=54, Cochrane 
Library=16, AMED=405.  
Additional records identified through 
handsearch  
(n=10) 
Records after duplicates removed 
(n=20,116) 
Records screened 
(n=20,116) 
Records excluded 
(n =19,899) 
Full-text articles assessed 
for eligibility  
(n=217) 
Full-text articles excluded, 
with reasons (n=185) 
 Repeated use of same 
sample or cohort of pwMS  
 Systematic review   
 Protocol  
 Not exclusively MS sample  
 No measure of objective PA   
 No measure of objective PA 
for > 24 hours.  
 Conference paper 
 Duplicate 
Studies included in 
descriptive synthesis 
Quantitative n = 32 
Id
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Figure 2.1: Prisma Flowchart 
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Comparative Data- NHANES 
In 2003, objective assessment of PA was implemented in the National Health and 
Nutritional Examination Survey (NHANES) in the United States of America (Troiano 
et al. 2008). NHANES participants are routinely selected using a complex, multistage 
probability design which results in a nationally representative sample of the U.S. 
civilian, non-institutionalized population. In both the 2003-2004 and the 2004-2005 
databases, participants aged 6 years and older without mobility impairments were 
invited to provide 7-days accelerometer data.  The Acti-Graph model 7164 was used. 
Participants were asked to wear the device on their right hip during all waking hours 
for 7 days and instructed to remove it only for bathing or swimming. The 
accelerometer was secured to the body by means of an elastic belt. Accelerometers 
were pre-programmed to record data in 1 minute intervals. 
Both the 2003-2004 and the 2004-2005 accelerometer data are accessible through 
publications or by accessing the NHANES database which provides raw accelerometer 
data. For the analysis in this review, the authors retrieved publications arising from 
the NHANES database. Potential publications were retrieved by a search on Google 
Scholar using keywords ‘NHANES’ and ‘Physical Activity OR Exercise OR Steps’. 
Reference lists of articles retrieved from Google Scholar were hand-searched for any 
additional NHANES publications that potentially provided PA data to compare to the 
MS studies.  Two publications (Schuna et al. 2013, Troiano et al. 2008) arising from 
the NHANES data were used by the authors in this review.  
Data Extraction 
Information including study design, study origin, population demographics, the PA 
device used and the wear-time of the PA device were extracted from the included MS 
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studies to provide summary tables (see appendix 2.1, summary of included studies).  
In addition, the results of the PA monitoring were extracted from each study. This 
included extracting the means and standard deviations (SDs) of the PA outputs 
reported. For studies with one or more time points (e.g. intervention studies), the 
baseline PA means and SDs were extracted.  
Within the published NHANES studies, the means and SDs of the PA outputs of 
interest were extracted for comparison. In addition, where possible, the means and 
SDs that were extracted were aged matched to the MS sample within included studies.  
Quality of Studies 
Intervention Studies 
Quality of included studies was assessed by two researchers (BC and a post-graduate 
researcher), who independently assessed bias using the Cochrane Risk of Bias tool 
(Higgins and Green 2008). This tool assesses risk of bias on the following domains: 
sequence generation, allocation concealment, blinding of participants and personnel, 
blinding of outcome assessment, incomplete outcome data, selective reporting, and 
other sources of bias. For each domain, risk of bias was assessed as low, unclear or 
high risk of bias according to the Cochrane Handbook (Higgins and Green 2008). 
Following individual assessment of each article’s quality, the researchers compared 
results, discussed any discrepancies and came to a final agreement. 
Observational Studies 
The Newcastle Ottowa Scale (NOS) was used for all observational studies (Wells et 
al. 2000). It uses a star system in which a study is judged on three broad perspectives: 
the selection of the study groups, the comparability of the groups and the 
37 
 
 
ascertainment of either the exposure or outcome of the interest depending on the study 
design. A study can be awarded a maximum of 9 stars. As with the Cochrane Tool, 
following each article’s assessment for quality, the researchers (BC and a post-
graduate researcher) compared results, discussed any discrepancies further and came 
to a final agreement.  
Statistical Analysis 
Statistical analysis was completed using Stata 13 (StataCorp College Station, Texas, 
USA) and significance was set at p < 0.05 for all analyses. The pooled means and 
variance (SD) of activity counts, step counts and minutes of moderate to vigorous 
physical activity (MPVA) among pwMS across the relevant studies were calculated 
and compared to a healthy and matched population found in published studies which 
employed the NHANES dataset. Independent samples t-tests were used to compare 
the differences between the groups for these parametric outcomes and data are 
reported as the mean difference between groups with 95% confidence interval 
(95%CI). A sensitivity analysis was also conducted to determine if the results of the 
included RCTs impacted the overall pooled findings of the observational studies 
included. 
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Results 
 
Study Identification 
Figure 2.1 provides details of study identification and selection. After duplicates were 
removed, a total of 20 116 studies remained. After examining titles and abstracts of 
these studies, 217 studies were included for full text review. Reasons for the exclusion 
of 185 of these studies are outlined in figure 2.1 and 32 studies remained in the review 
(Dlugonski et al. 2011, Dlugonski et al. 2013, Fjeldstad et al. 2015, Hale et al. 2008, 
Kahraman et al. 2015, Klaren et al. 2015, Kos et al. 2007, Morris et al. 2008, Motl and 
Dlugonski 2011, Motl et al. 2010, Motl et al. 2011a, Motl et al. 2011b, Motl and 
Goldman 2011, Motl and McAuley 2009, Motl et al. 2009, Robert W. Motl et al. 2013, 
Motl et al. 2006a, R. W. Motl et al. 2013, Motl et al. 2006b, Motl et al. 2007, L. A. 
Pilutti et al. 2014, Prakash et al. 2011, Prakash et al. 2010, Rice et al. 2015, Rietberg 
et al. 2014, Sandroff et al. 2014, Sandroff et al. 2012, Sandroff and Motl 2013, Snook 
et al. 2005, Snook et al. 2009, Sosnoff et al. 2012, Suh et al. 2010). Out of those 32 
studies, 25 were included for meta-analysis and allowed comparison to the NHANES 
database. Seven studies were not included for meta-analysis because they included PA 
outputs that were not comparable to NHANES data.  
Study Characteristics 
Appendix 2.1, provides detailed information on study and participant characteristics. 
The 32 studies included 3 762 pwMS of which the sample was largely female (n=3 
118, 82.8%). The sample age ranged from 36(Kahraman et al. 2015) to 59(Motl et al. 
2011b) years with the majority of studies (n=27) being in the age range of 40-49 years. 
Disability was measured by the Expanded Disability Disease Score (EDDS) (n=13) 
and the Patient Determined Disease Steps (PDDS) (n=10) in the majority of studies, 
39 
 
 
scores ranging from 1.5-6 and 1-3, respectively. However, one study did include 
wheelchair users only (Rice et al. 2015) 
A wide range of PA outputs were measured. Activity counts were measured in 22 
studies(Dlugonski et al. 2011, Fjeldstad et al. 2015, Hale et al. 2008, Morris et al. 
2008, Motl et al. 2010, Motl et al. 2011a, Motl and Goldman 2011, Motl and McAuley 
2009, Motl et al. 2009, Robert W. Motl et al. 2013, Motl et al. 2006a, R. W. Motl et 
al. 2013, Motl et al. 2006b, Motl et al. 2007, Prakash et al. 2011, Prakash et al. 2010, 
Rice et al. 2015, Sandroff et al. 2012, Sandroff and Motl 2013, Snook et al. 2005, 
Snook et al. 2009, Suh et al. 2010), step counts in 10 studies (Dlugonski et al. 2011, 
Dlugonski et al. 2013, Fjeldstad et al. 2015, Motl and Dlugonski 2011, Motl et al. 
2011b, Motl et al. 2006a, Sandroff et al. 2012, Sandroff and Motl 2013, Snook et al. 
2005, Sosnoff et al. 2012), minutes of MVPA in 3 studies (Klaren et al. 2015) (L. A. 
Pilutti et al. 2014, Sandroff et al. 2012), minutes of light PA in 1 study (Klaren et al. 
2015), minutes of dynamic activity in 1 study (Rietberg et al. 2014), minutes of 
sedentary time in 1 study (Klaren et al. 2015) and energy expenditure in 2 studies 
(Kahraman et al. 2015, Kos et al. 2007).  The outputs of step counts and minutes of 
MVPA were meta-analysed and compared to published NHANES data.   
Activity counts, although reported in 22 studies, were not meta-analysed. Activity 
counts are ‘unitless’ outputs of a PA device, , although widely used, do not give a 
strong indication of the intensity or duration of PA (Bassett et al. 2015). They instead 
give a single metric which is not comparable. Therefore, activity counts per day will 
be not discussed further in relation to results.   
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Quality Assessment 
The risk of bias of the two randomised control trials (L. A. Pilutti et al. 2014, Rice et 
al. 2015) is outlined in Table 2.2 Both studies scored a high risk of bias for blinding 
of participants and incomplete outcome data whilst also scoring unclear for allocation 
concealment and blinding of outcome personnel. Overall both studies display a high 
risk of bias.  
The quality assessment of the 30 non-randomised trials which consisted of cohort and 
case-control studies is outlined in Table 2.3. Scores ranged from 4-9 stars on the 
Newcastle Ottowa Scale with only one study achieving the highest possible score of 9 
stars (Sandroff et al. 2012). The MS samples in all 30 studies were representative or 
somewhat representative of the average person with MS in the community, thus every 
study scored a star for the first criterion. The majority of studies (n=23) were not of 
case-control design so scores for criterion 2 and 4 were not applicable.  
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Study 
Name  
Random 
Sequence 
Generation 
Allocation 
Concealment 
Blind Participants Blind Outcome 
Assessors 
Incomplete 
Outcome Data 
Selective 
Reporting 
Pilutti et al 
2014 
Low Unclear High Unclear High Low 
Rice et al 
2015 
Low Unclear High Unclear High Low 
Table 2.2: Cochrane Risk of Bias: Methodological appraisal of Randomised Studies. 
Study Name Selection Comparability Outcome Total Score   
(max 9) 
 1 2 3 4 5 6 7 8  
Dlugonski et al 2011 *  *   * * * 5 
Dlugonski et al 2013 *  * *  * * * 6 
Fjeldstad et al 2015 * * * *  * * * 7 
Hale et al 2008 *   *  * * * 5 
Klaren et al 2015 *  * *  * * * 6 
Kahraman et al 2015 *  * *  * * * 6 
Kos et al 2007 *   *  *  * 4 
Morris et al 2008 *   * * * *  5 
Molt and Dlugonski 2011 *  *   * * * 5 
Motl and Goldman 2011 *  * *  * * * 6 
Motl et al 2006 a *   *  * * * 5 
Table 2.3: Newcastle Ottawa Scale: Methodological appraisal of non-randomised studies (Continued overleaf). 
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Study Name  Selection Comparability Outcome Total Score    
(max 9) 
Motl et al 2006 b *  * *  * *  5 
Motl et al 2007 *  * *  * * * 6 
Motl et al 2009 (a) *  *   * * * 5 
Motl et al 2009 (b) *  *   *  * 4 
Motl et al 2010 *  * *  * * * 6 
Motl et al 2011 (A) *  * *  * * * 6 
Motl et al 2011 (b) *  * *  * *  5 
Motl et al 2013 (a) *  * *  * * * 6 
Motl et al 2013 (b) *  * *  * *  5 
Prakash et al 2010 *  * *  * * * 6 
Prakash et al 2011 *  * *  * * * 6 
Rietberg et al 2014 * * * *  *  * 6 
Sandroff and Motl 2013 * * * *  * * * 7 
Sandroff et al 2012 * * * * ** * * * 9 
Snook et al 2005 *  * *  * * * 6 
Snook et al 2009 *  * *  * * * 6 
Sosnoff et al 2012 *  * *  * * * 6 
Suh et al 2010 *  * *  * * * 6 
 
Table 2.3: Newcastle Ottawa Scale: Methodological appraisal of non-randomised studies. 
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Pooled analysis 
Step Counts per day. 
Ten MS studies (Dlugonski et al. 2011, Dlugonski et al. 2013, Fjeldstad et al. 2015, 
Motl and Dlugonski 2011, Motl et al. 2011b, Motl et al. 2006a, Sandroff et al. 2012, 
Sandroff and Motl 2013, Snook et al. 2005, Sosnoff et al. 2012) were included for 
meta-analysis involving a total of 1 355 participants with MS. The published 
NHANES comparative group data included a total of 3 725 adults. The NHANES 
sample used for steps per day included a population who ranged from 20 to 80 years 
(49). The mean step counts per day were 5 840 (SD 3 096) and 9 685 (SD 6 531) 
respectively for the MS and NHANES samples. Results showed a significant 
difference (p<0.01) between groups with a mean difference of -3 845 (95%CI -3 570, 
-4 120) steps per day, indicating the MS sample are taking less steps per day than the 
NHANES sample (see Table 2.4). 
PA 
Output 
MS 
Gende
r 
MS 
Mean 
Age 
Rang
e 
MS 
Mean 
Disabilit
y Range 
MS 
(Mean
,  SD) 
NHANE
S (Mean, 
SD) 
Mean 
Difference(95
% CI’s) 
Significanc
e (p) 
Steps* F: 
1115 
M: 240  
42.3-
59 
EDSS: 
2.5-6.0 
PDSS: 
1.0-2.0 
5840 
(3096) 
9685 
(6531) 
-3845  
(-4120,- 3570) 
<0.0001 
Minutes 
of 
MVPA** 
F: 143 
M: 55  
 
47.3-
49.5 
EDSS: 
4.5 
PDSS:1.0
-  3.0 
18.4 
(21.1) 
27.3 
(23.3) 
-9.0 
(-12.5 - -5.4) 
<0.0001 
Minutes 
of MVPA 
(sensitivit
y 
analysis)*
* 
F: 81 
M: 35 
47.3-
48.7 
EDSS: 
4.5 
PDSS: 
1.0 
19.6 
(21.9) 
27.3 
(23.3) 
-7.7 
(-12.2- -3.2) 
<0.0001 
Table 2.4 : Results of Meta-Analysis.  
*NHANES sample is from 2004-2005 database, no age breakdown given, male and female (n=3725).  
**NHANES sample is from 2003-2004 database, age range 40-49 years, male (n=259) and female 
(n=258).  
44 
 
 
 
Minutes of Moderate to Vigorous (MVPA) Activity 
Three MS studies (Klaren et al. 2015, L. A. Pilutti et al. 2014, Sandroff et al. 2012) 
were included for meta-analysis involving a total of 198 participants with MS. The 
published age matched NHANES comparative group included for meta-analysis 
involved a total of 517 participants (Troiano et al. 2008). The mean minutes of MVPA 
per day were 18.4 (SD 21.1) and 27.3 (SD 23.3), respectively for the MS and 
NHANES samples. Results showed a significant difference (p<0.0001) between 
groups with a mean difference of -9.0 (95%CI -5.4, 12.5) minutes of MVPA per day, 
indicating the MS sample are doing less MVPA per day than the NHANES sample 
(see Table 2.4).  
A sensitivity analysis was conducted excluding the data from the RCT (Pilutti et al. 
2014). The mean minutes of MVPA per day in the revised dataset were 19.6 (SD 21.9) 
and 27.3 minutes (SD 23.3), respectively for the MS (n=116) and NHANES (n=517) 
samples. Similarly, there was a significant difference (p<0.0001) in MVPA between 
the groups [mean difference -7.7 (95%CI -3.2, 12.2) minutes]. 
Narrative Synthesis 
The PA outputs of light PA, sedentary behaviour and energy expenditure were 
reported in too few studies to allow comparison for meta-analysis.  Light PA was 
reported in one study(Klaren et al. 2015) with a mean of 213 (SD84) minutes of light 
PA per day. Sedentary time was also reported in one study (Klaren et al. 2015) with a 
mean of 594 (SD123) minutes of sedentary time per day. Energy expenditure was 
reported in one study (2015) with a mean of 1 428.8 (SD 501.5) kilocalories per day.  
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Discussion 
 
The aim of this systematic review and meta-analysis was to quantify current PA levels 
in pwMS using objective measurement only and to establish if pwMS are less 
physically active than their healthy counterparts using a control sample from published 
NHANES data.  In summary, pwMS are significantly less active then their NHANES 
counterparts across PA outputs of step counts per day and minutes of MVPA per day. 
Of note, published data from NHANES has shown that the adult sample were 
physically inactive with less than 5% of adults within NHANES meeting the 
recommended American College of Sports Medicine (ACSM) PA guidelines(Pate et 
al. 1995, Troiano et al. 2008).  The results of this study suggest that in line with 
previous research(Motl et al. 2005), pwMS are less physically active than a general 
population sample who themselves are not meeting PA recommendations.  
Decreased PA levels among the general population is associated with increased risks 
of developing co-morbidities including Type 2 Diabetes Mellitus, Cardiovascular 
Disease and Obesity(Reiner et al. 2013). In particular, the risk of Cardiovascular 
Disease is important to reduce in pwMS given it’s associations with a shortened life 
span independent of disability status and age(Torkildsen et al. 2008).  Research has 
shown evidence of a linear, inverse association between physical activity and 
cardiovascular comorbidities among pwMS highlighting the potential risks of physical 
inactivity in this population(Motl et al. 2011a).  In addition, promotion of PA through 
exercise interventions has been associated with improvements in fatigue, strength, 
balance, mobility, quality of life and suggestions of a lower risk of relapse for pwMS 
(Gunn et al. 2015, Kjølhede et al. 2012, Motl and Gosney 2007, Pilutti et al. 2013, 
Lara A Pilutti et al. 2014, Snook et al. 2009). MS is a costly disease for the individual 
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and society(Adelman et al. 2013), the potential benefit of a MS population engaging 
in regular PA behaviour is considerable. Although challenging, it appears crucial to 
increase PA levels among pwMS to promote long-term health.  
Significant differences are evident between the MS and published NHANES samples 
in this review with regards steps per day. PwMS are taking on average 3 845 less steps 
than an inactive NHANES sample with a mean step count per day of 5 840 steps.  
Although it is not possible to accurately predict the effect of a 40% lower daily step 
count, if continued over a period of years it would seem likely that this substantial 
decrease in activity will result in an increase in morbidity(Ewald et al. 2017). 
Moreover, it is possible that the 40% comparative reduction in steps per day is 
associated with an increase in disease-specific symptoms such as fatigue, decreased 
strength and gait abnormalities among pwMS. This last question requires further 
research, to establish the interplay between steps per day and symptom severity. 
In the healthy population literature, Tudor-Locke and Basset’s(Bassett et al. 2016) 
classification system for steps per day suggests that reaching 10 000 steps or more 
categorises an individual as physically active. Additionally, physically active people 
have a more favourable cardio-metabolic risk profile(Bassett et al. 2016). However, 
recent evidence has called for a need to potentially revise these figures within the 
classification system as it has been suggested that by breaking up extended bouts of 
sitting with ambulatory activity health benefits could still be achieved, regardless of 
meeting recommended steps(Tudor-Locke and Schuna Jr 2012). Such evidence may 
be more applicable for pwMS who due to gait abnormalities and fatigue may be not 
able to meet the ‘recommended 10 000’ steps per day.  Overall, while it is difficult to 
understand the consequences of these results for people with MS, this review does 
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present an MS average of steps per day which might help identify those in particular 
need of intervention.   
The MS and NHANES samples also differ significantly with regards minutes of 
MVPA per day. On average pwMS complete 18 minutes of MVPA per day and are 
completing 9 minutes less than the NHANES group. Given that the PA guidelines for 
pwMS(Latimer-Cheung et al. 2013) suggest that adults with MS who have mild to 
moderate disability need at least 30 minutes of MVPA twice per week, the large 
standard deviation associated with the mean of 18 minutes per day of MVPA in this 
population suggests a proportion of the sample might be meeting these guidelines. 
However, these guidelines differ from those of the general population which suggest 
that all healthy adults aged 18 to 65 years need MVPA for a minimum of 30 min on 
five days each week(Haskell et al. 2007). To the authors knowledge, there is no 
evidence whether the majority of people with MS could reach that dose of exercise or 
what further health benefits or consequences are if they do not. Investigation of the 
safety and comparative effect of differing frequencies and durations of PA is required. 
Although PA guidelines focus on structured exercise prescription such as those 
mentioned with regards minutes of MVPA per day, societal changes in lifestyle 
behaviours (occupation, transportation, etc) have resulted in a largely sedentary 
population. Therefore, there has been a shift in the messages being portrayed to 
individuals with regards increasing PA, such that we should aim to sit less, move more 
and exercise. These messages may be important to increase PA levels among pwMS 
for whom do/don’t engage in 30 minutes of MVPA twice per week, but otherwise are 
largely sedentary. It is suggested pwMS have an increased prevalence of sedentary 
behaviour due to symptoms of the disease such as fatigue and decreased mobility(van 
Zanten et al. 2016). It may therefore become more pertinent to measure physical 
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inactivity outcomes of sedentary or sitting time rather than look at PA outcomes such 
as steps per day or MVPA per day. Independent of PA, sedentary time is associated 
with a greater mortality than smoking behaviour and may have considerable 
implications for the development of comorbid conditions among pwMS.  Of further 
note, the energy expenditure during physical activities is higher among pwMS than 
the general population(Agiovlasitis and Motl 2014, Agiovlasitis et al. 2010). This also 
suggests that general population cut-off points for steps per day, minutes of MVPA 
per day, etc, may not be appropriate for pwMS.   
Activity counts per day were reported by the majority of studies. However, we have 
previously highlighted  the difficulties with interpretation of activity counts earlier in 
this paper and elsewhere(Casey 2017), therefore activity counts were not meta-
analysed. The findings of this review indicate that researchers should use devices with 
published validation information, and should utilise the detail on activity patterns 
available from accelerometer measurement instead of expressing a single unit such as 
activity counts. Additionally, that single metric description of PA may not be accurate 
and attention to capturing the duration, frequency, intensity and energy expended 
during daily PA is warranted.  
Strengths and Limitations 
The strengths of this meta-analysis are that only objective PA measurement was 
included. Additionally we used a large sample from published NHANES data as the 
age matched comparison sample. A recent meta-analysis(Kinnett-Hopkins et al. 2017) 
reported similar findings of lower rates of PA among pwMS when compared to non-
diseased populations, however, it included combined measures of self-report and 
objective PA. The debate on the accuracy of self-report PA measures for the inclusion 
in large scale cohorts or reviews has received a lot of attention in recent years(Prince 
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et al. 2008). The NHANES research group themselves have acknowledged that great 
care must be taken when interpreting self-reported PA in clinical practice, public 
health program design and evaluation, and epidemiological research. Although 
validated among MS populations(Motl et al. 2015), self-report measures continue to 
show significant variation from objective measures on large scale designs(Schuna et 
al. 2013).  Therefore, for consistency in this review, only objective measurement was 
used. Additionally, the previous meta-analysis included studies that had a comparison 
group within the design. The use of NHANES as a larger comparator group allowed 
for the inclusion of non-case-control study designs.  
However, this review is not without limitations. Whilst a strength of our review is that 
we included all available studies that have objectively measured PA providing the 
totality of evidence; we do acknowledge that a limitation is that some were of low 
methodological quality. The lack of a ‘cut off’ or definition of ‘good’ or ‘excellent’ 
for the Newcastle Ottowa scale meant that a clear rationale for excluding studies was 
not available if we choose to  only include high quality studies in our meta-analysis. 
The sample comprised pwMS with lower EDSS, largely originating from Northern 
America, and therefore is not representative of the MS population as a whole. A 
limitation is that it was not possible to extract PA outputs for disability or mobility 
limitation sub groups. The NHANES sample was for the most part a useful 
comparative group for the MS sample, although the inability to retrieve an aged-
matched step count for the NHANES sample may introduce bias for the step counts 
per day analysis.   
Finally, ideally for comparison of objective PA data both groups should use the same 
device. The device used in the NHANES data was the Acti-Graph model 7164 which 
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was used in over 55% of MS studies included (n=18), other devices used included 
other models of accelerometers (n=17), pedometers (n=5) and a multi-sensor device 
(n=1) (see Appendix 2). The variance in devices used may reduce accuracy of results 
although a higher percentage did use the same device model, the ActiGraph model 
7164.  
Conclusion 
 
The findings of this review suggest that people with MS are less physically active than 
a general population across PA outputs of steps per day and minutes of MVPA. There 
is an urgent need to increase PA levels among pwMS and to further understand the 
consequences of physical inactivity in this population.  
Perspectives 
Increased physical activity behaviours are associated with symptom improvement and 
decreased risk of co-morbid disease among people living with MS. This review shows 
that despite this knowledge, people with MS are significantly less active than their 
non-diseased counterparts who themselves are considered physically inactive. These 
findings are supported by previous reviews. Whilst PA interventions have been 
developed in this population, these interventions have not changed long-term PA. 
Future research must attempt to understand why people with MS are not engaging in 
long-term behaviour change despite knowledge of the benefits. From there, it is crucial 
that effective PA interventions for people with MS are developed and global PA levels 
increase.   
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Abstract 
 
Objective: To systematically review the literature on behavioural interventions for 
people with Multiple Sclerosis (pwMS) that aim to change physical activity (PA) 
behaviour. To explore if these interventions are clinically-effective in improving PA, 
theory-based and employ established behaviour change techniques (BCTs). 
Data Sources: A systematic electronic search was conducted on databases EBSCO 
(including AMED, Biomedical Reference Collection: Expanded, CINHAL, 
MEDLINE, PsycArticles, PsycInfo), PubMed, EMBASE, and Web of Science from 
April 2017 to May 2017.   
Study Selection: Studies were included if 1) the interventions aimed to change PA 
behaviour among people with MS , 2) PA was recognised as a primary outcome 
measure and 3) were of randomised control design (RCT).  
Data Extraction: The resulting behavioural interventions were coded using ‘The 
Theory Coding Scheme’ and the ‘CALO-RE Taxonomy’ to assess theory-base and 
BCTs. A meta-analysis was conducted to assess effectiveness.  
Data Synthesis: Fourteen randomised controlled trials (RCTs) were included. 
Combined, there was a significant (p =0.0003, d=1.00, CI’s= 0.46, 1.53) short-term 
change in self-report PA behaviour for studies with non-active control groups. There 
was no change in objective or long-term PA. Studies failed to discuss results in relation 
to theory and did not attempt to refine theory. 50% of BCTs within the CALO-RE 
were employed with BCTs of ‘goal-setting’ and ‘action-planning’ being the most 
frequently employed. 
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Conclusion: Current evidence supports the efficacy of PA intervention on subjective 
but not objective outcomes. However, conclusions from this review should be 
interpreted with caution due to the low of number of studies included and low sample 
size. Further, whilst using theory in intervention design, these interventions have not 
reported the refining of theory. Exploration of the use of additional BCTs to change 
PA behaviour is also required within future interventions. 
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Introduction 
 
Multiple Sclerosis (MS) is a disease of the central nervous system that results in a 
variety of symptoms that result in walking impairment and reduced quality of life. It 
affects approximately 2.5 million people worldwide (WHO 2008) and is associated 
with high levels of healthcare resource consumption and cost. (Fogarty et al. 2014) 
Increasing physical activity (PA) through exercise interventions is associated with 
improvements in many of the symptoms associated with MS such as fatigue, strength, 
balance, mobility and quality of life. (Kjølhede et al. 2012, Pilutti et al. 2013, Gunn et 
al. 2015, Snook et al. 2009, Motl and Gosney 2007) Despite this, a recent meta-
analysis has shown that people with MS are significantly less physically active than 
the general population, who are themselves largely sedentary. (Kinnett-Hopkins et al. 
2017)  
Behavioural interventions are defined as ‘a coordinated set of activities designed to 
change a specified behaviour’ and have the potential to positively affect PA behaviour 
in people with MS, e.g exercise intervention, education, motivational interviewing, 
etc.. (Michie and Prestwich 2010) Systematic reviews of behavioural interventions in 
other chronic illness populations such as rheumatoid arthritis (Larkin et al. 2015a) and 
diabetes (Avery et al. 2012) have highlighted the positive effect behavioural 
interventions can have on PA behaviour, albeit largely in the short-term. It is has been 
suggested that these sub-optimal, short-term effects are due to a lack of theoretical 
consideration at the development stages of these behavioural interventions. (Michie et 
al. 2005) Therefore, there is now growing recognition that all behavioural 
interventions should be enhanced by the application of theory. (Michie et al. 2011b) 
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Michie and colleagues (2010) recognised the need to define ‘theory’ and developed 
the ‘Theory Coding Scheme’ (TCS).  
The TCS contains 19 items which examine whether a theory was mentioned, how 
theory was used in the intervention design, how intervention evaluations tested theory 
and the implications of the results for future theory development. The TCS is a 
valuable addition to understanding the extent to which interventions use theory and 
are theory-based, and has been used successfully in other chronic disease populations 
to assess intervention design. (Larkin et al. 2015b, Ayling et al. 2015) Whilst MS 
literature has explored factors linked to PA that may influence theory development in 
this population, (Suh et al. 2011) to the best of our knowledge the TCS has not been 
applied to PA behavioural interventions for people with MS.  
Theory is often described as the ‘why’ and further informs the ‘how’ of all behavioural 
interventions. The content or ‘active’ components of these interventions are defined 
as behaviour change techniques (BCTs) and are the ‘how’, e.g. self-monitoring PA 
levels in the form of daily diaries. (Michie et al. 2013) BCTs are designed to target 
known factors that influence the behaviour to be changed, e.g. self-efficacy or goal 
setting.  
The exploration of the content and coverage of BCTs in systematic reviews of specific 
outcomes has allowed the identification of BCTs associated with effective 
interventions. (West et al. 2010, Abraham and Michie 2008) For example, the CALO-
RE Taxonomy contains 40 BCTs that have been associated with effective PA and 
healthy eating interventions. (Michie et al. 2011a)  The National Institute of Health 
and Clinical Excellence (NICE) guidelines have outlined a need for precise reporting 
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of BCTs within all behavioural interventions (Abraham et al. 2009) and taxonomies 
like the CALO-RE can help guide researchers in specifying their intervention content.   
There have been advances in the reporting of BCTs employed within the MS PA 
literature, although this is limited. Shirazipour and colleagues (2015) examined the 
coverage of BCTs in internet resources about PA for people with MS and coded 20 
websites that aimed to provide information on PA. The authors concluded that the 
coverage of BCTs needs improvements with BCTs such as stress-management and 
motivational interviewing rarely used. A previous systematic review and meta-
analysis (Sangelaji et al. 2015) was conducted which examined the effect of 
behavioural interventions on PA participation and physical function among people 
with MS. Of note, the use of theory was not examined in that review and it also 
included a combination of PA, fatigue and energy conservation interventions. Results 
showed that included interventions had short term changes (p = 0.03, standardised 
main difference 0.65, 95% confidence interval 0.07 to 1.22, 3 trials, I2 = 68%) in PA 
behaviour with BCTs of goal-setting, barrier identification, information provision, 
amongst others proving most popular. Thus, there is a need to examine PA behavioural 
interventions for people with MS, to explore how/if they use theory and to explore 
further what BCTs they use. 
The aim of this systematic review and meta-analysis is to identify behavioural 
interventions that aim to increase PA behaviour among people with MS. The specific 
objectives are: 
 To examine the effectiveness of behavioural interventions on PA behaviour in 
people with MS. 
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 To use the Theory Coding Scheme (Michie and Prestwich 2010) and examine 
the use of theory in  current PA behavioural interventions.   
 To identify, using a BCT taxonomy (Michie et al. 2011a), what BCTs are 
employed in the identified interventions to change PA behaviour in people 
with MS. 
Methods 
 
This systematic review is structured according to the Preferred Reporting Items for 
Systematic Review and Meta-Analysis (PRISMA). (Liberati et al. 2009) 
Eligibility Criteria 
Studies were included if the interventions aimed to change PA behaviour among 
people with MS and PA was recognised as a primary outcome measure. Outcome 
measures that included PA as sub-component of a larger scale were only included if 
the PA composite score was reported separately (e.g. Health Promoting Lifestyle 
Profile II (HPLP II)). Other inclusion criteria for eligibility included a) The 
intervention study had a randomised control trial (RCT) design. Acceptable 
comparison intervention included: no treatment, waitlist control, usual care control 
and active interventions that were not intended to change long-term PA behaviour. b) 
All participants had a definite physician confirmed diagnosis of MS and were over the 
age of 18 years and c) The intervention group had a pre and post outcome measure for 
subjective and/or objective PA. Trials were included regardless of methodological 
quality.  
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Information Sources 
A systematic electronic search was conducted on databases EBSCO (including 
AMED, Biomedical Reference Collection: Expanded, CINHAL, MEDLINE, 
PsycArticles, PsycInfo), PubMed, EMBASE, and Web of Science during spring 2017 
by one author (BC) and later crosschecked in Summer 2017 by a second investigator 
due to the large search that was yielded (n=7342). Search terms are illustrated in Table 
3.1. Searches were limited to the English language. Duplicate references were 
removed. The electronic search was supplemented with a hand search of reference 
lists, contacting key authors, and a search of Google Scholar.  
MS-related search 
terms 
Physical activity-related 
search terms 
Study Design 
“Multiple 
sclerosis” OR 
“MS” (Abstract) 
“exercise” OR “physical 
activity” OR “exercise 
prescription” OR 
“exercise therapy” OR 
“training” OR “fitness” 
OR “aerobic” OR 
“strength” OR “resist” 
OR “ambulatory activity” 
OR “walk” OR “workout” 
OR “physical fitness” OR 
“accelerometer” (All 
Fields) 
“Random*” OR “RCT” 
(All Fields) 
 
Table 3.1: A list of search terms 
Search Strategy 
Eligible studies were included after titles, abstracts and full-text were crosschecked 
against the inclusion criteria (see figure 3.1). Eligible studies were also crosschecked 
by a second author. Discussion was held where the investigators disagreed on 
inclusion of studies until agreement was reached. Where it arose that multiple studies 
were conducted by the same research team using components of the same behavioural 
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intervention, given the limited number of PA behavioural interventions published in 
MS literature, all studies meeting inclusion criteria would be included.  However, in 
these instances the PA outcome data has been analysed once.  
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Records identified through database 
searching 
(n =7342) 
 
EBSCO (n=2056), Web of Science 
(n=2422), EMBASE (n=2468), PubMed 
Records after duplicates removed 
(n = 5107) 
Records screened 
(n = 5107) 
Records excluded 
(n = 5067) 
Full-text articles assessed 
for eligibility  
(n = 40) 
Full-text articles 
excluded, with 
reasons (n = 26) 
Studies included in 
quantitative synthesis 
(n=14) 
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Figure 3.1: Prisma Flowchart  
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Data Extraction 
Data were extracted using pre-defined criteria. This included; participant 
demographics, intervention content, outcome measures used and intervention 
effectiveness. To allow for meta-analysis, additional information was extracted for the 
PA outcome measures. This included; type of PA measure (self-report/objective), 
sample size, baseline PA (mean and SD) for intervention and control, post intervention 
PA for intervention and control and any follow-up PA data for intervention and control 
groups. All data extraction was verified by a second author.  
Data Analysis 
Physical activity data was pooled using a random effects model in Review Manager 
5.3 Software. (Collaboration and Collaboration 2011) The random-effects model was 
used to combine outcomes, as this model provides a more relevant estimate of the 
intervention than the fixed-effect estimate model and avoids small study effects. (LV 
et al. 2009) As PA is a continuous outcome, mean differences and standard deviations 
(SDs) were reported as per the Cochrane Handbook (Higgins and Green 2008). Pooled 
statistics were calculated using mean differences (MD) when the combined PA 
measures were from a uniform scale and using standardised mean differences (SMD) 
when the PA data was on different scales. Pooled 95% confidence intervals (CI’s) 
were computed for MD’s and SMD’s. CIs excluding zero were considered statistically 
significant. Clinical relevance was determined using the following effect size 
classifications: (1) Small: SMD (Cohen’s d) of 0.2; (2) Medium: SMD (Cohen’s d) of 
0.5; (3) Large: SMD (Cohen’s d) of 0.8.). (Cohen 1988)  
Interventions that had a non-active control group were analysed separately to those 
that were compared to an active control group. In addition, to assess the heterogeneity 
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of the meta-analysis results, the I2 statistic was calculated. Substantial heterogeneity 
was determined using the cut-off; I2 ≥ 50%.  
Quality of Studies 
Cochrane Risk of Bias Tool 
Quality of included studies was assessed by two researchers, who independently 
assessed bias using the Cochrane Risk of Bias tool. (Higgins and Green 2008) Risk of 
bias was assessed as low, unclear or high risk of bias according to the Cochrane 
Handbook. (Higgins and Green 2008) Following individual assessment of each 
article’s quality, the researchers compared results, discussed any discrepancies and 
came to a final agreement. 
Intervention Development- The Theory Coding Scheme (TCS) 
Two members of the research team independently coded included studies using TCS. 
(Michie and Prestwich 2010) Following independent coding of each study a discussion 
was held and results were compared. Where a disagreement occurred during coding 
consensus was reached following a discussion. Of note, the TCS shows substantial 
interrater reliability (all Kappa coefficients (k) > 0.70.) except one sub item (13d, k = 
0.64) which has lower but acceptable kappa and overall a high level of agreement 
between coders (95%). (Michie and Prestwich 2010) 
Intervention Content- Behaviour Change Techniques (BCT’s) 
Following coding of the intervention studies using the TCS two members of the 
research team independently coded each study for coverage of BCTs using the CALO-
RE BCT Taxonomy. (Michie et al. 2011a) Originally, a 26-item BCT taxonomy was 
used to identify specific BCTs contributing to intervention effectiveness for PA and 
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healthy eating interventions. (Abraham and Michie 2008) However, Michie et al. 
(2011a) have refined this taxonomy in recent years with an updated taxonomy of 40 
BCTs. The CALO-RE taxonomy is more comprehensive than the previous 26-item, 
with less overlap between items and fewer conceptual problems including, a lack of 
clarity for certain techniques and their definitions. (Michie et al. 2011a) Inter-rater 
reliability, assessed on 50 published PA interventions, was good with kappa of 0.79. 
20 Similar methods used to reach agreement on coding the ‘Theory Coding Scheme’ 
were used for coding of BCTs. Of note, the CALO-RE taxonomy is a checklist of 
BCTs that may or may not be included in interventions. It is not a necessity that all of 
the BCTs in the taxonomy are included in the intervention to be considered a ‘good’ 
example of theory. Inclusion of BCTs will vary on context, the health behaviour in 
question and the theory used.  
Results 
 
Study Description 
Fourteen RCTs were included for review and are detailed in Appendix 3.1. Four of 
these studies delivered the behavioural interventions using the internet as a medium 
and included the same core website intervention, albeit observing different outcomes, 
adding elements to the programme and using varying cohorts of people with MS. 
(Dlugonski et al. 2012, Motl. et al. 2011, Pilutti et al. 2014, Sandroff et al. 2014) Group 
exercise or  group educational interventions were used in five studies, (Carter et al. 
2014, Carter et al. 2013, Coote et al. 2017, Ennis et al. 2006, Stuifbergen et al. 2003) 
newsletters/pamphlets used in 2 studies, (Suh et al. 2015, Plow et al. 2014) telephone 
73 
 
 
only in 1 study, (Bombardier. et al. 2013) home-based exercise sessions only in 1 study 
(Rice et al. 2015) and a DVD in  1 study. (McAuley et al. 2015)   
Three studies had active control groups that included exercise with non-theory based 
education, (Coote et al. 2017) a healthy ageing DVD with telephone calls and ‘healthy 
tips of the day’ (McAuley et al. 2015) and a newsletter (Suh et al. 2015).Non-active 
control groups included usual care, waitlist and delayed treatment groups.   
Participants 
There were 921 people with MS included in this review. The sample were 
predominately female (n=792, 86%) with mean age ranging between 39.5 and 59.62 
years. Disability was measured using the Patient Determined Disease Steps (PDDS) 
in five studies, (Suh et al. 2015, Sandroff et al. 2014, Motl. et al. 2011, Pilutti et al. 
2014, Dlugonski et al. 2012) the Expanded Disability Scale Score (EDSS) in four 
studies (Carter et al. 2014, Carter et al. 2013, Coote et al. 2017, Ennis et al. 2006) and 
device use in one study (McAuley et al. 2015). Four studies did not report disability. 
PDSS mean scores ranged from 1.0 to 3.0 and mean EDSS ranged from 3.0 to 6.0, 
suggesting the samples were largely ambulatory with/without use of an aid. One study 
did include those who used wheelchairs only (Rice et al. 2015). Where disease course 
was reported (n=13 studies), the samples were largely of a relapsing-remitting (RR) 
course with the percentage mean of participants with RR MS ranging from 50-100%.  
Outcome Measures for PA 
PA was measured subjectively using the Physical Activity and Disability Survey 
(PADS), (Plow et al. 2014) the Godin Leisure Time Exercise Questionnaire (GLTEQ), 
(Suh et al. 2015, Pilutti et al. 2014, Plow et al. 2014, McAuley et al. 2015, Motl. et al. 
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2011, Carter et al. 2014, Carter et al. 2013, Coote et al. 2017, Dlugonski et al. 2012) 
the International Physical Activity Questionnaire (IPAQ),(Coote et al. 2017, Sandroff 
et al. 2014) the Health Promoting Lifestyle Profile II (HPLP II) (Stuifbergen et al. 
2003, Ennis et al. 2006) and the 7-Day Physical Activity Recall (7-Day 
PAR)(Bombardier. et al. 2013). In four studies PA was measured objectively using 
the Acti-graph Accelerometer to obtain 7-day activity counts (raw, non-transformable 
counts from the accelerometer) and minutes of moderate-vigorous PA (MVPA) 
(Carter et al. 2014, Pilutti et al. 2014, Rice et al. 2015) and the SenseWear armband to 
obtain energy expenditure and steps per day (Coote et al. 2017).   
Effect of interventions on PA  
Self-report 
Ten studies with non-active control groups provided mean differences and standard 
deviations for post-trial self-report PA. This enabled pooling of results for meta-
analysis (Figure 3.2). A statistically significant difference (p =0.0003) was seen in 
post-trial PA in favour of the experimental group, the effect size was large (d=1.00, 
CI’s= 0.46, 1.53) with high heterogeneity (I2= 91%).  Three studies with active control 
groups provided data for post-trial self-report PA. Results are illustrated in Figure 3.3. 
A non-statistically significant difference (p=0.24) was seen in post-trial PA.  
Five studies with non-active control groups (Carter et al. 2014, Carter et al. 2013, 
Dlugonski et al. 2012, Plow et al. 2014, Stuifbergen et al. 2003) obtained follow-up 
PA data and provided mean differences and standard deviations which enabled 
pooling for meta-analysis. Figure 3.4 shows that there was a significant difference (p 
<0.00001) in subjective PA 6 months post-trial in favour of the experimental groups 
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over the non-active control groups. The effect size was medium (d=0.60, CI’s= 0.38 
and 0.81) with low heterogeneity (I2= 0%).  
 
 
Figure 3.2: Post-Trial Physical Activity (Self-Report) with Non-Active Control 
Groups. 
 
 
Figure 3.3: Post-Trial Physical Activity (Self-Report) with Active Control Groups. 
 
 
Figure 3.4: Six Month Follow-Up Physical Activity (Self-Report) with Non-Active 
Control Groups. 
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Objective 
Three studies with non-active control groups provided objective PA data post-trial 
which could be meta-analysed. Figure 3.5 shows a non-significant difference between 
groups. Only two studies provided follow-up data which could not be meta-analysed. 
However both studies report non-significant differences for steps per day (Carter et al. 
2014, Coote et al. 2017) and energy expenditure (Coote et al. 2017) at 6 month follow-
up.   
 
 
Figure 3.5: Post-Trial Physical Activity (Objective) with Non-Active Control Groups. 
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Quality of Studies 
The risk of bias within included studies is highlighted in Table 3.2.  All studies scored 
a high risk of bias for blinding of participants and personnel, whilst five studies 
(Bombardier. et al. 2013, Carter et al. 2014, Carter et al. 2013, Coote et al. 2017) 
scored a low risk of bias for the blinding of outcome assessors. Seven studies had a 
high/unclear risk of bias for allocation concealment. (Rice et al. 2015, Sandroff et al. 
2014, Stuifbergen et al. 2003, Pilutti et al. 2014, Motl. et al. 2011, Dlugonski et al. 
2012, McAuley et al. 2015) Only two studies had unclear/high risk for sequence 
generation (Dlugonski et al. 2012, Motl. et al. 2011) whilst all studies scored a low 
risk for selective outcome reporting.  
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 Sequence 
Generation 
Allocation 
Concealment 
Blinding of 
participants and 
personnel 
Blinding of 
outcome 
assessment 
Incomplete 
outcome data 
Selective 
outcome 
reporting 
Other 
Sources of 
Bias 
Dlugonski et al 
2011 
High High High High Low Low Unclear 
Motl et al 2011 Unclear High High High Low Low Low 
Plow et al 2014 Low Low High High Low Low Low 
Carter et al 
2014 
Low Low High Low Low Low Low 
Carter et al 
2013 
Low Low High Low Low Low Low 
Bombardier et 
al 2013 
Low Low High Low Low Low Low 
Ennis et al 
2006 
Low Low High High Low Low Low 
McAuley et al 
2015 
Low High High Low Low Low Low 
Coote et al 
2017 
Low Low High Low Low Low Low 
Rice et al 2015 Low High High High Low Low Low 
Suh et al 2015 Low Low High High Low Low Low 
Stiufbergen et 
al 2003 
Low Unclear High High Low Unclear Low 
Pilutti et al 
2013 
Low Unclear High High Low Low Low 
Sandroff et al 
2014 
Low Unclear High High Low Low Low 
Table 3.2 Cochrane Risk of Bias Tool
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The Theory Coding Scheme (TCS) 
The extent to which each of the behavioural interventions outlined in this review meet 
the criteria of the TCS is illustrated in Table 3.3. No study included in this review met 
all criteria and the interventions reported by Suh et al (2015) and Motl et al(2011)  met 
the most.  
Eleven studies mentioned a theory or model (item 1) whilst 9 of these studies based 
their intervention on a single model (item 3). Behavioural models used included the 
Social Cognitive Theory,(Plow et al. 2014, Coote et al. 2017, Dlugonski et al. 2012, 
Motl. et al. 2011, Pilutti et al. 2014, Rice et al. 2015, Sandroff et al. 2014, Suh et al. 
2015) the TransTheoretical Model,(Carter et al. 2014, Carter et al. 2013, Plow et al. 
2014) the Health Belief Model, (Stuifbergen et al. 2003) the Self-efficacy Theory, 
(Stuifbergen et al. 2003) and the Pender model of Health Promotion (Stuifbergen et 
al. 2003). Items that all studies included were: including intervention techniques based 
on constructs and predictors of the chosen theory or model mentioned either explicitly 
in their intervention design or in the introduction (items 5, 11). In addition, all studies 
included a behaviour measure that was valid (item 13f) and claimed randomisation 
(item14a). Only one study (Stuifbergen et al. 2003) choose participants based on 
theory/predictors (item 4) whilst only two studies (Suh et al. 2015, Motl. et al. 2011) 
conducted mediation analysis (items 16a, 16b, 16c and 16d). No paper reported use of 
their results to then refine theory (item 19) of which the TCS defines as: ‘The authors 
attempt to refine the theory upon which the intervention was based by either: a) adding 
or removing constructs to the theory, or b) specifying that the interrelationships 
between the theoretical constructs should be changed and spelling out which 
relationships should be changed.’ 
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It should be noted that the other internet studies, (Pilutti et al. 2014, Dlugonski et al. 
2012, Sandroff et al. 2014) by the Motl et al (2011) group, scored lower on certain 
items. These included; measuring theory relevant constructs and conducting 
mediational analysis, items which had already been addressed in the original study in 
2011(Motl. et al. 2011).  
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Item 
Number 
Item Coverage of Items for each Study:                                
Yes(Y)/ No (N)/Don’t Know (?) 
  a b c d e f g h i j k l m n 
1 Theory/Model of behaviour mentioned Y Y Y Y Y N N N Y Y Y Y Y Y 
2 Targeted Construct mentioned as predictor of behaviour Y Y Y Y Y N Y N Y N Y Y Y Y 
3 Intervention based on single theory Y Y N Y Y N N N Y Y Y N Y Y 
4 Theory/predictors used to select recipients for the intervention N N N N N N N N N N Y N N N 
5 Theory/predictors used to select /develop intervention 
techniques 
Y Y Y Y Y Y Y Y Y Y Y Y Y Y 
6 Theory/predictors used to tailor intervention techniques to 
recipients 
N Y Y N N N N N Y N Y N Y Y 
7 All intervention techniques are explicitly linked to at least one 
theory-relevant construct/predictor 
Y Y Y N N N N N Y N Y N Y Y 
8 At least one, but not all, of the intervention techniques are 
explicitly linked to at least one theory relevant 
construct/predictor. 
N N N Y Y Y Y Y N Y N Y N N 
9 Group of techniques are linked to a group of constructs 
/predictors 
Y Y Y Y Y N N N Y N Y N Y Y 
10 All theory-relevant constructs/predictors are explicitly linked to 
at least one intervention technique 
N N N N N N N N N N N N N N 
11 At least one, but not all, of the theory relevant 
constructs/predictors are explicitly linked to at least one 
intervention technique 
Y Y Y Y Y Y Y Y Y Y Y Y Y Y 
12 a Theory relevant constructs/predictors are measured:  N Y N N N Y Y N Y N Y Y N N 
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a)At least one construct of theory mentioned in relation to the 
intervention is measured post-intervention 
12 b b)At least one construct of theory mentioned in the intervention 
is measured pre and post intervention 
N Y N N N Y Y N Y N Y Y N N 
13 a Quality of Measure 
a) All of the measures of theory relevant constructs had some 
evidence for their reliability 
N N N N N N N N N N N N N N 
13 b b) At least one but not all of the measures of theory relevant 
constructs had some evidence for their reliability 
N Y N N N N Y N Y N Y Y N N 
13 c c) All of the measures of theory relevant constructs have been 
previously validated 
N Y N N N N N N Y N Y N N N 
13 d d) At least one but not all of the measures of theory relevant 
constructs have been previously validated 
N N N N N Y Y N N N N Y N N 
13 e e) The behaviour measure had some evidence for its reliability N N N N N Y Y Y N Y Y Y N N 
13 f f) The behaviour measure has been previously validated Y Y Y Y Y Y Y Y Y Y Y Y Y Y 
14 a Randomisation of participants to condition 
a) Do the authors claim randomisation 
Y Y Y Y Y Y Y Y Y Y Y Y Y Y 
14 b b) Is the method of random allocation described N Y Y Y Y Y Y Y Y N Y Y N N 
14 c c) Was the success of randomisation tested Y Y Y Y Y Y Y Y Y Y Y Y Y Y 
14 d d) Was the randomisation successful Y Y Y Y Y Y Y Y Y Y Y Y Y Y 
15 Changes in measured theory-relevant constructs/predictors N Y N N N Y Y N Y N Y Y N N 
16 a Mediational analysis of constructs/predictors 
a) Mediator predicts DV? 
N Y N N N N N N N N Y N N N 
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16 b b) Mediator predicts DV (when controlling for IV) N Y N N N N N N N N Y N N N 
16 c c) Intervention does not predict DV (when controlling for 
mediator)? 
N N N N N N N N N N N N N N 
16 d d) Mediated effect statistically significant? N Y N N N N N N N N Y N N N 
17 Results discussed in relation to theory N Y N N N N N N N N Y N N N 
18 Appropriate support for theory Y Y Y Y Y Y Y Y Y Y Y Y Y N 
19 Results used to refine theory N N N N N N N N N N N N N N 
 Total Items Covered (‘Yes’ scores) 12 23 12 11 12 13 16 10 19 11 25 17 13 12 
 
Table 3.3: Theory Coding Scheme of physical activity interventions for people with Multiple Sclerosis. 
Abbreviations: a= Dlugonski et al 2011  b= Motl et al 2011, c= Plow et al 2014, d= Carter et al 2014, e= Carter et al 2013, f= Bombardier et al 2013,        
g= Ennis et al 2006, h=McAuley et al 2015, i= Coote et al 2017, j=Rice et al 2015, k=Suh et al 2015, l= Stiufbergen et al 2003, m= Pilutti et al 2014,                 
n= Sandroff et al 2014. 
*Possible Total Score of 31(inclusion of sub-items)
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Coverage of Behaviour Change Techniques (BCTs) employed 
Table 3.4 shows the BCTs that were used in the included 14 studies.  
‘Goal-setting (behaviour)’ was employed by the majority of studies (n=11 studies). 
This followed by 9 studies including ‘barrier identification/problem solving’ and 
‘prompt self-monitoring’. Eight studies included ‘providing information on the 
consequences of the behaviour in general’ and ‘goal-setting (outcome). The 
interventions by Coote et al (2017) and McAuley et al (2015) employed the most 
BCTs, 12 and 13 BCTs, respectively. The interventions by Stiufbergen et al (2003) 
and Ennis et al (2006) employed the least BCTs, 3 and 2 BCTs, respectively.  
Of note, 20 BCTs from the 40 item CALO-RE Taxonomy were not employed in any 
study. These included, “fear arousal”, “prompt use of imagery”, “prompt use of self-
talk”, “future rewards”, (see table 3.4). 
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Behaviour Change Technique (BCT) a, b c d e f g h i j k l m, n  
 Provide information on consequences of 
behaviour in general 
Y Y Y Y  Y Y Y    Y 
Provide information on consequences of 
behaviour to the individual 
      Y Y  Y   
Goal Setting (behaviour) Y Y Y Y Y  Y Y Y Y Y Y 
Goal Setting (outcome) Y Y Y Y   Y Y  Y  Y 
Action Planning     Y    Y    
Barrier identification/problem solving Y Y   Y  Y Y Y Y Y Y 
Prompt review of behavioural goals     Y        
Prompt self-monitoring of    behaviour Y Y Y Y   Y Y Y Y  Y 
Prompt self-monitoring of behavioural outcome        Y  Y   
Provide feedback on performance     Y  Y Y     
             Table 3.4 (continued overleaf):  CALO-RE Taxonomy Behaviour Change Techniques (BCTs) applied in physical activity 
interventions for people with Multiple Sclerosis (MS) Abbreviations: a= Dlugonski et al 2011  b= Motl et al 2011, c= Plow et al 
2014, d= Carter et al 2014, e= Carter et al 2013,  f= Bombardier et al 2013,  g= Ennis et al 2006, h=McAuley et al 2015, i= Coote et 
al 2017, j=Rice et al 2015, k=Suh et al 2015,    l= Stiufbergen et al 2003, m= Pilutti et al 2014,  n= Sandroff et al 2014. 
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Provide information on where and when to 
perform the behaviour 
 
Y 
Provide instruction on how to perform the 
behaviour 
      Y      
Model/Demonstrate the Behaviour       Y Y     
Agree behavioural contract     Y        
Prompt practise       Y      
Use of follow-up prompts Y    Y  Y Y Y Y  Y 
Facilitate social comparison Y      Y Y    Y 
Plan social support/social change   Y Y   Y Y  Y   
Stress management/emotional control training      Y     Y  
Motivational Interviewing     Y        
 Total number of BCTs Used (Out of 40)     7 5 5 5 8 2 13 12 6 8 3 7 
Table 3.4:  CALO-RE Taxonomy Behaviour Change Techniques (BCTs) applied in physical activity interventions for 
people with Multiple Sclerosis (MS) Abbreviations: a= Dlugonski et al 2011  b= Motl et al 2011, c= Plow et al 2014, d= 
Carter et al 2014, e= Carter et al 2013,  f= Bombardier et al 2013,  g= Ennis et al 2006, h=McAuley et al 2015, i= Coote et al 
2017, j=Rice et al 2015, k=Suh et al 2015,    l= Stiufbergen et al 2003, m= Pilutti et al 2014,  n= Sandroff et al 2014. 
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Discussion 
 
The first objective of this review was to establish the effectiveness of the identified 
behavioural interventions on PA outcomes. There was a significant pooled mean effect 
in favour of behavioural interventions in studies which included non-active control 
groups for post-intervention and follow-up self-report PA. The effect sizes were large 
and medium, respectively. Of note, there was no significant difference in post-trial 
self-report PA for those studies with active control groups. Only three studies had data 
for meta-analysis of post-trial objective PA and this effect was non-significant. Meta-
analysis could not be conducted for follow-up objective PA due to low study numbers. 
Recent evidence in the healthy population literature suggests subjective measures of 
PA may not be as accurate and emphasis should be placed on interpreting results of 
objective PA measures first (Steene-Johannessen et al. 2015, Dhurandhar et al. 2015). 
Therefore, although the findings are somewhat positive in the short-medium-term for 
subjective PA measurement, the effectiveness of the included behavioural 
interventions for both objective and long-term PA behaviour is inconclusive. In 
addition, this review includes a small number of studies and the sample size within 
included studies is relatively low. Therefore, results on efficacy in the short-term or 
for self-report should also be interpreted with caution or deemed inconclusive. These 
findings support the conclusions by a previously conducted review (Sangelaji et al. 
2015).  
The second objective of this meta-analysis was to establish to what extent the 
interventions used theory as per the TCS. Eight out of 14 included studies based their 
intervention on the Social Cognitive Theory (Plow et al. 2014, Coote et al. 2017, 
Dlugonski et al. 2012, Motl. et al. 2011, Pilutti et al. 2014, Rice et al. 2015, Sandroff 
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et al. 2014, Suh et al. 2015). The popularity of the Social Cognitive Theory may be 
evidenced by a large body of research regarding the correlates and predictors of PA 
behaviour in people with MS (Motl et al. 2006). None of the studies in this review met 
all the criteria of the TCS and the studies by Motl et al (2011) and Suh et al (2015) 
met the most criteria. It is probable that theoretical findings of the study by Motl et al 
(i.e. mediational analysis of Social Cognitive Theory constructs) were used to inform 
the design of follow-up studies by this research group (Sandroff et al. 2014, Pilutti et 
al. 2014, Dlugonski et al. 2012). This may be why some criteria were not reported in 
these subsequent studies, leading to lower scores on the TCS. In summary, few studies 
in this review reported using the results of their intervention to discuss theory behind 
use of a behavioural model, therefore there was no reporting of attempt to refine theory 
and theory testing was rarely presented on those papers in this review. It has been 
suggested that approximately 89% of all health interventions are not based on theory, 
and additionally those that are based on theory fail to fully apply theory by not meeting 
the majority of items outlined in the TCS (Prestwich et al. 2015). These points need 
to be addressed because theory is not only important in the development stages of 
intervention design but also in the development of future behavioural interventions. 
Further investigation is also needed to establish if interventions that meet all of the 
criteria in the theory coding scheme have superior outcomes.  
Recognising the ‘active’ components or behaviour change techniques (BCTs) 
associated with effective interventions is a technique used by intervention developers 
to aid designing behavioural interventions, albeit often times identification of these 
techniques will not result in behaviour change given its complexity. The final objective 
of this review was to explore use of BCTs within the identified behavioural 
interventions in this review.  
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50% of studies in this review covered 7 or more BCTs within the 40 item CALO-RE 
taxonomy. BCTs which studies had in common included, “providing information on 
the consequences of the behaviour in general”, “goal setting (behaviour)”, “goal-
setting (outcome)”, “barrier identification/problem solving”, “prompt self-
monitoring” and “use of follow-up prompts”. One hypothesis as to why these 
similarities exist may be based once again on our current knowledge of the factors that 
are known to influence PA behaviour in people with MS. Self-efficacy, goal-setting 
and outcome expectancies are widely represented within the intervention content of 
these studies. Inclusion of techniques that are associated with such key determinants 
is essential if behaviour is to be changed. Further exploration of the determinants of 
PA may uncover new variables and lead to the use of other BCTs. For example, 
depression and anxiety are present in up to 23.7% and 44% of pwMS, respectively 
(Wood et al. 2012)  and there is emerging evidence of the associations between these 
mood disorders and PA and/or exercise self-efficacy (Motl et al. 2009). If such 
evidence increases there may be an increase in the number of interventions using BCTs 
such as emotional training.  
To increase intervention effectiveness and improve intervention design, it is clear we 
need to further explain PA theory in this population. Broad, in-depth knowledge of the 
known correlates, predictors, barriers and facilitators of PA in people with MS is 
required outside of our current understanding. It is from there that improvements in 
employing the correct theory and BCTs will occur which will ultimately result in 
changing PA behaviour in people with MS in the long-term.   
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Strengths and Limitations 
Strengths of this review include a systematic search with several electronic databases 
by two independent researchers. Additionally, results were pooled across studies in a 
meta-analysis. Limitations are also noted. Studies may have received low scores on 
the TCS and/or CALO-RE as some intervention information was not explicitly 
included in the paper. Where the authors were unsure if a code was present or not in 
both the TCS and/or CALO-RE taxonomy, the code was marked as absent.  In doing 
this, studies which did in fact include a certain code (e.g. a specific BCT) in their 
intervention but simply did not mention inclusion of this code (or explained its 
inclusion poorly) may have lost scores on either the TCS and/or the CALO-RE 
taxonomy. In addition, some items of the TCS such as testing theory through 
mediation analysis may not always be present in the primary outcome publication of 
a RCT. It is often the case this form of analysis is conducted in secondary analysis 
papers of RCTs of which this review did not include those papers. Also, for the item 
on refining theory in the TCS, authors may have refined theory in future 
studies/publications arising from the original RCT. These future studies may not have 
been included in this review.  
Conclusion 
 
To date, current evidence supports the efficacy of PA intervention on subjective but 
not objective outcomes. However, conclusions from this review should be interpreted 
with caution due to the low of number of studies included and low sample size.  
Findings of this review suggest that while using theory in intervention design, largely 
the Social Cognitive Theory, these behavioural interventions do not discuss their 
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results in relation to theory and therefore have not attempted to refine theory in relation 
to causing a change in PA behaviour in people MS. Exploration of the use of additional 
BCTs to change PA behaviour is also required within these interventions.  
This systematic review highlights the importance of understanding the many factors 
associated with PA behaviour in people with MS. It is not until a specific behaviour is 
truly understood that a successful theory-based intervention can be designed and 
evaluated.  
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Abstract 
 
Objective: To synthesis current knowledge of the modifiable psychosocial 
constructs associated with physical activity (PA) participation in people with 
Multiple Sclerosis (pwMS).  
Data Sources: A search was conducted through October 2015, through eight 
electronic databases: CINAHL, PubMed, SPORTDiscus , Web of Knowledge, 
MEDLINE, EMBASE, Cochrane Database of Systematic Reviews, PsycINFO.  
Study Selection: Cohort and intervention studies were included if they 1) included an 
objective or subjective measure of PA, 2) measured at least one modifiable  
psychosocial construct and 3) reported bivariate correlations (or these could be 
extracted) between the PA and psychosocial construct measures.  13867 articles were 
screened for inclusion and 26 were included in the final analysis.  
Data Extraction: Meta-analyses of correlations was conducted using the Hedges-
Olkin method. Where a meta-analysis was not possible, results were reported 
descriptively.  
Data Synthesis: Meta-analyses indicated a pooled correlation coefficient between 1) 
objective PA and self-efficacy (n=7) of r=0.30 (p <0.0001) indicating a moderate, 
positive association, 2) subjective PA and self-efficacy (n=7) of r=0.34 (p <0.0001) 
indicating a moderate, positive association, 3) subjective PA and goal-setting (n=5) of 
r=0.44 (p <0.0001) indicating a moderate to large, positive association and 4) 
subjective PA and outcome expectancies (n=4) (physical: r=0.13, p=0.11; social: 
r=0.19, p<0.0001; self-evaluative: r=0.27, p<0.0001) indicating small-moderate 
positive associations. Other constructs such as measures of health beliefs, enjoyment, 
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social support and perceived benefits and barriers were reported to be significantly 
correlated with PA in individual studies but the number of studies was not sufficient 
for a meta-analysis.  
Conclusions: Future PA interventions should continue to focus on the psychosocial 
constructs of self-efficacy and goal-setting. However, there is a need to explore the 
associations between other constructs outside of those reported in this review. 
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Introduction 
 
Multiple sclerosis (MS) is an inflammatory disease of the central nervous system that 
impacts around 2.3 million adults worldwide (Evans et al. 2013). MS results in a 
number of symptoms including fatigue, pain, and paralysis. Physical activity (PA) 
used to be discouraged among people with MS (pwMS) due to perceptions of the 
negative consequences of PA participation (Dalgas 2010). However, PA promotion 
and participation are now considered a central component of a healthy lifestyle for 
pwMS and is associated with improvements in many of the symptoms associated with 
MS such as fatigue, strength, balance, mobility, quality of life and the maintenance of 
functional abilities (Kjølhede et al. 2012, Pilutti et al. 2013, Gunn et al. 2015, Snook 
et al. 2009, Motl and Gosney 2007, Latimer-Cheung et al. 2013). Despite this, the rates 
of PA participation are low among pwMS as indicated by both objective (e.g. 
accelerometer based device) and subjective (e.g. questionnaire) measures of physical 
activity (Motl et al. 2014, Sandroff et al. 2012). 
Given the disparity between the evidence for the benefits of PA and the low levels of 
PA for pwMS, it is essential that researchers determine methods that will be successful 
in promoting PA participation. One method that may be useful is the development of 
behavioural interventions. Such interventions have the potential to change PA 
behaviour in pwMS and reduce the high prevalence of physical inactivity (Michie and 
Prestwich 2010). There is growing recognition that such behavioural interventions 
could be enhanced by the application of behaviour change theory (Michie et al. 
2011b). MS literature has already identified the importance of targeting key 
modifiable individual-level psychosocial constructs related to PA behaviour such as 
self-efficacy, goal-setting and enjoyment (Ellis and Motl 2013, Motl et al. 2006). 
102 
 
 
However, there may be other factors not yet investigated within an MS population and 
there are few examples of theory based interventions which promote PA in this 
population.  
The use of behavioural theory is essential in order to provide a framework that guides 
researchers and clinicians in determining which constructs must be targeted in order 
for behaviour change to occur (Michie et al. 2011b). This framework also allows 
individuals examining an intervention or its results to determine what contributed to 
its success or failure (i.e., mediators of behaviour change) (Baranowski et al. 1998). 
The lack of theory-based interventions to change PA behaviour in pwMS has meant 
that researchers and clinicians are lacking in their ability to fully determine what 
constructs lead to the success or failure of an intervention. Of further concern is that 
due to this lack of theoretical guidance, many theoretical constructs and determinants 
of PA participation have not been examined; while other constructs which may 
demonstrate little association with PA are continuously studied. 
As a result, it is essential that an examination of the current literature take place in 
order to determine which theoretical constructs demonstrate associations with the PA 
participation of pwMS. A recent systematic review aimed to examine the determinants 
and correlates of PA behaviour in pwMS (Streber et al. 2016). This review concluded 
that personal factors including self-efficacy, self-regulatory constructs and 
sociodemographic variables are important correlates of PA. However, the current 
review will investigate only modifiable psychosocial constructs that ultimately can be 
used and potentially changed within interventions and the search terms are broader. 
Finally, this review will use a correlation meta-analysis to synthesise results, 
distinguishing between subjective and objective measures of PA and their associations 
with varying modifiable constructs.  
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Therefore, the purpose of this systematic review and meta-analysis was to evaluate the 
evidence of the modifiable individual-level psychosocial constructs associated with 
PA participation in pwMS.  
Methods 
 
This systematic review and meta-analysis are structured according to the Preferred 
Reporting Items for Systematic Review and Meta-Analysis (PRISMA) (Liberati et 
al. 2009). 
Eligibility Criteria 
The search focused on English language studies that examined the relationship 
between modifiable individual-level psychosocial constructs and PA participation 
among people with MS exclusively.  For this review, modifiable, individual-level, 
psychosocial constructs are defined as those that are theory-based and capture both 
psychological and social factors implicated in promoting PA participation. 
Additionally, these constructs affect a person with MS at an individual level and can 
be targeted within an intervention. Observational and intervention studies were 
included for review.  
Observational studies with either a cross-sectional or a prospective research design 
were included if: a) PA was assessed either objectively or subjectively, b) modifiable, 
individual-level, psychosocial constructs were assessed, c) the association between PA 
and psychosocial constructs were reported and d) the associations between PA and 
psychosocial constructs were not already reported in another included study in the 
review (e.g. an intervention study with same cohort of pwMS).  
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Intervention studies were included if they had an experimental design with at least one 
of the experimental groups received a theory-based intervention aiming to promote 
PA participation. A theory-based intervention was one where the theoretical basis for 
the study was clearly stated or could be deduced by the use of behaviour change 
techniques that are known to be associated with behavioural theory. Additionally 
studies were included if, a) PA was assessed as an outcome either objectively or 
subjectively and b) a modifiable, individual-level, psychosocial construct was 
assessed (no correlation with PA necessary for intervention studies). Additionally, 
multiple reports of the same intervention and sample were included. The results of 
these reports were considered in combination.  
Information Sources 
The search strategy was developed by the primary investigator (ALC), along with a 
doctoral student (CS), and a research librarian. A list of search terms was generated 
from a review of keywords included in selected articles.  The list was further 
supplemented with the synonyms of these keywords. The search terms are outlined in 
Table 4.1. 
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MS-related search terms Physical activity-related search terms Theory-related search terms 
“Multiple sclerosis” OR “MS” “exercise” OR “physical activity” OR 
“exercise prescription” OR “exercise therapy” 
OR “training” OR “fitness” OR “aerobic” OR 
“strength” OR “resist” OR “ambulatory 
activity” OR “walk” OR “workout” OR 
“physical fitness” 
“psychological theory” OR “psychosocial correlate*” OR 
“psychosocial factor*” OR “psychosocial aspect*” OR 
“intervention” OR “social cognitive theory” OR “transtheoretical 
model” OR “stage* of change” OR “theory of planned behavior” OR 
“theory of planned behaviour” OR “self-determination theory” OR 
“protection motivation theory” OR “behavioral research” OR 
“behavioural research” OR “theoretical effectiveness” OR “behavior 
change” OR “behaviour change” OR “health behavior” OR “health 
behaviour” OR “mediator” OR “intermediary” OR “self-efficacy” 
OR “cognitive” OR “process of change” OR “determinant*” OR 
“predictor*” OR “health action process approach” OR “motiv*” OR 
“adherence” OR “compliance” OR “autonomy” OR “competence” 
OR “relatedness” OR “intention” OR “attitude” OR “perceived 
behavioral control” OR “perceived behavioural control” OR 
“subjective norm*” OR “outcome expectan*” OR “risk perception*” 
OR “action plan*” OR “coping plan*” OR “barrier*” 
   
Table 4.1: A list of search terms 
*Note. The search included the combination of all terms from each category (i.e., MS-related terms AND physical activity-related terms 
AND theory-related terms). 
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A preliminary search was conducted in October 2012 by the doctoral student, CS, 
through eight electronic databases: CINAHL (1981 – October 2012), PubMed (1948 
– October 2012), SPORTDiscus (1830 to October 2012), ISI Web of Knowledge 
(1900 – October 2012), MEDLINE (1950 – October 2012), EMBASE (1947 – October 
2012), Cochrane Database of Systematic Reviews (1991 – October 2012), PsycINFO 
(1806 – October 2012). This search was repeated in the first weeks of March and July 
2013 by the same doctoral student and eligible studies were cross-checked by the 
primary investigator (ALC). A final search was completed in October and November 
2015 by doctoral student, BC, and eligible studies were once again cross-checked by 
senior investigators (ALC and SC). The electronic search was supplemented with a 
hand search of reference lists, contacting key authors, and a search of Google Scholar. 
All citations were imported into Endnote for screening.  
Search Strategy 
Study screening was conducted independently during the years of 2012-2015 (CS and 
BC). After removing duplicate citations, CS and BC independently reviewed titles and 
abstracts of the citations to determine inclusion (Figure 4.1). In this first step, citations 
were excluded if the abstract content definitively failed to meet an inclusion criterion 
or if the citation was for a review article, commentary or conference abstract. Citations 
for relevant reviews, commentaries, and conference abstracts were saved for cross-
referencing. In the second step, CS and BC read the full text of the articles that met 
the criteria of the initial review and determined whether they were suitable for final 
inclusion in the review. They then compared the articles that they had included, along 
with their reasons for inclusion. Discrepancies in the final list of articles were 
discussed with the senior investigators (ALC and SC) who reviewed articles when 
necessary to come to an agreement regarding final inclusion.  
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Records identified through database 
searching (n=18713) 
CINAHL=715, Pubmed=2743, 
SPORTdiscus=437, ISI Web of 
Knowledge=2175, Medline=4801, Embase= 
6641, Cochrane Library=13, Psychinfo=1188 
 
Additional records identified 
through hand search 
(n=6) 
Records after duplicates removed 
(n=13867) 
Records screened 
(n=13867) 
Records excluded 
(n =13,730) 
Full-text articles assessed 
for eligibility  
(n=137) 
Full-text articles excluded, 
with reasons (n=111) 
 Stage of change of PA only 
measured = 4 
 Systematic review = 3 
 Protocol = 2 
 No inclusion of 
psychosocial constructs = 
35 
 Only measured physical 
factors=8 
 No measure of PA = 31  
 Conference paper= 24  
 No report of associations in 
cohort study-=1 
 Duplicate= 2 
Studies included in 
descriptive synthesis (n=26) 
Quantitative: n = 22 cohort 
and n=4 intervention 
Meta-Analysis: n= 10 
cohort, 2 intervention 
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Figure 4.1: Prisma Flow Chart 
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Data Extraction 
Data were extracted from the intervention (appendix 4.1) and cohort studies (appendix 
4.2). The data extracted included information regarding study design, sample size, 
participant demographics (age, gender and disability level), the physical activity 
measure(s) used, the psychosocial measure(s) used and the value of the correlation 
coefficient (r) between these measures were extracted.  If correlations at multiple time 
points were reported, the result at baseline was extracted. The correlation coefficient 
extracted from the intervention studies at baseline was for all participants as one group. 
Additionally, wherein a study reported both objective and self-report PA, data for both 
measures were extracted.  
The data extraction was verified by the senior investigators (ALC and SC).  
Quality of Studies 
Observational studies: 
 The quality of the cross-sectional studies was assessed by the two doctoral students, 
each working independently, assessing methodology from the Critical Appraisal Skills 
Program (CASP; CASP, 2013). Following individual assessment of quality for each 
article, the doctoral students compared results, discussed any discrepancies and came 
to a final agreement.  The CASP is a methodological checklist with questions 
examining criteria essential for quantitative research. There are a total of 8 questions 
in the checklist with possible answers including; ‘Yes’, ‘NO’, ‘Unclear (?)’ or ‘Not 
Applicable (N/A)’. In this paper, answers to the 8 questions are presented visually and 
described narratively in the results section.  
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Intervention studies: 
 The quality of the intervention studies were independently assessed by both doctoral 
students (BC and CS), using the Downs and Black (Downs and Black 1998) checklist 
of methodological quality. This measure consists of 27 items assessing; reporting, 
external validity, internal validity, and power. Scores range from 0-5, depending on 
the section.  The total possible score on the measure is 32, there are no cut-off scores 
for identifying levels of quality but higher scores are indicative of higher quality. 
Following individual assessment of each intervention study, the research assistants 
compared results, discussed discrepancies, and come to a final agreement on the 
quality of each article.  
Data Analysis 
A systematic approach to data analysis was taken by the authors. First, a descriptive 
data synthesis of the correlates that could and could not be meta-analysed is 
described. The approach to analysing the data that could be meta-analysed is then 
discussed. This section concludes with the analysis the authors conducted to describe 
the intervention effects of included intervention studies.  
Descriptive Data Synthesis  
For all included observational and intervention studies, we first described the reported 
association between the dependent variable (i.e. PA) and the independent variable(s) 
(i.e. psychosocial measure). This association was defined by statistical significance, 
direction and either the bivariate correlation or standardised pathway coefficient. 
Independent variables within each study were coded as having a significant positive 
(+), significant negative (-), or non-significant (0), association with PA. These codes 
were considered collectively and categorised as consistently significantly positive (+), 
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negative (-) or non-significant (0), to give an overall impression of the association in 
question for both cohort and intervention studies.  
Correlation Meta-Analysis 
Meta-analyses of correlations across both intervention and observational studies were 
carried out where the independent and dependent variables were measured using the 
same constructs in four or more studies.  
A Fisher Z transformation of the correlation coefficient was carried out and a meta-
analysis of the transformed values conducted using the Hedges-Olkin method (Hedges 
and Olkin, 1985). Pearson’s r values of 0.1, 0.3 and 0.5 were taken to represent small, 
moderate and large effects, respectively, and are presented with 95% confidence 
intervals (Cohen 1988). The Z test was used to test for significant correlation between 
variables using a 5% level of significance. I2 was used as a measure of inconsistency 
across studies i.e. the percentage of the variability in effect estimates due to 
heterogeneity rather than sampling error, with values of I2< 40% not considered 
important levels of heterogeneity. The χ2 test was used as the statistical test for 
heterogeneity with random effects models used where there was evidence of 
significant heterogeneity and fixed effects models used where there was no evidence 
of significant heterogeneity. Meta-analysis calculations were performed and graphical 
plots were created using StatsDirect software.  
Intervention Effects 
For the intervention studies, a narrative description of change scores for the dependent 
and independent variables was also recorded. These results helped further 
contextualise the relationships.  
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Results 
 
Study Description 
There were 22 observational studies included for review; detailed study description is 
outlined in appendix 4.1. Additionally, there were 4 intervention studies included 
(Motl et al. 2011, Feys et al. 2013, Suh et al. 2015, Ng et al. 2013). Two of these 
studies had a randomised controlled design (Motl et al. 2011, Suh et al. 2015), whilst 
the other two were non-controlled studies ( Ng et al. 2013, Feys et al. 2013). Detailed 
study description is found in appendix 4.2.  
Participants 
In total there were 3075 pwMS included in the cohort studies. Samples ranged in size 
from 16 to 369 participants. Participants were mostly female (n=2577, 83.8%) and 
mean age ranged from 43.4 to 61.4 years. Disability was largely measured by the 
Patient Determined Disease Steps (PDSS) (Dlugonski et al. 2011, McAuley et al. 
2010, Motl and McAuley 2009a, Motl et al. 2013a, Motl et al. 2013b, Suh et al. 2011a, 
Suh et al. 2011b, Suh et al. 2014)  and Expanded Disability Scale Score (EDSS) (Motl 
and Snook 2008, Snook and Motl 2008, Vanner et al. 2008) . There was no measure 
of disability reported in 7 out of the 22 studies. PDSS median scores ranged from 1-3 
and EDSS ranged from 3.8 to 5.5, suggesting the sample for the most part did not 
require an aid to walk. Of note, two studies did include pwMS with an EDSS of equal 
to or greater than 6, with these participants needing an aid to walk.  
Within the combined intervention studies, there were 228 pwMS included (range 
n=23-129). The samples were predominately female (n= 172, 75.4%) with mean age 
ranging from 37 to 50 years. Disability was measured using the PDSS in three studies 
(Motl et al. 2011, Suh et al. 2015, Feys et al. 2013) and the EDSS in one study (Ng et 
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al. 2013). PDSS mean scores ranged from 0.9-3.2 and the median EDDS in Ng et al. 
(2013) was 3.5. These scores suggest that samples were mostly ambulatory without 
use of an aid.  
Outcome Measures 
PA was measured objectively in ten cohort studies using the Acti-graph accelerometer 
(McAuley et al. 2010, Morris et al. 2008, Motl and McAuley 2009b, Motl and 
McAuley 2009a, Motl et al. 2006a, Motl et al. 2006b, Motl et al. 2013a, Snook and 
Motl 2008, Suh et al. 2014, Motl et al. 2007). Nine of these studies collected 7 day 
total movement counts whilst one study collected 5 day total movement counts (Motl 
et al. 2007).  
In 18 cohort studies, PA was measured subjectively using the GLTEQ (Dlugonski et 
al. 2011, Ferrier et al. 2010, McAuley et al. 2010, Motl and McAuley 2009b, Motl and 
McAuley 2009a, Motl and Snook 2008, Motl et al. 2006a, Motl et al. 2006b, Ng et al. 
2013, Suh et al. 2014, Suh et al. 2011a, Suh et al. 2011b) (n=12), the Physical Activity 
Scale for Adults with Physical Disabilities (PASIPD) (Kasser and Kosma 2012) (n=1), 
the Physical Activity and Disability Survey (PADS) (Kayes et al. 2011, Vanner et al. 
2008) (n=2), the International Physical Activity Questionnaire (IPAQ) (Motl et al. 
2007, Motl et al. 2013b, Stroud et al. 2009, Suh et al. 2011a, Suh et al. 2011b) (n=5), 
the Health Promoting Lifestyle Profile II (HPLP II) (Morrison and Stuifbergen 2014) 
(n=1) and the Human Activity Profile (Morrison and Stuifbergen 2014) (n=1).  
Within the included intervention studies, PA was only measured subjectively. Scales 
that were used included: the PASIPD (Ng et al. 2013, Feys et al. 2013) and the GLTEQ 
(Motl et al. 2011, Suh et al. 2015).  
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A range of psychosocial constructs were used in the observational and intervention 
studies. (Table 4.2) Constructs of exercise self-efficacy, goal-setting and outcome 
expectancies were the most frequently measured.  
Quality 
Quality of included cohort studies using the CASP can be found in Table 4.3. Items 
that all studies scored highly on included: the study addressed a clearly focused issue, 
and the outcome(s) and exposure were accurately measured to minimise bias. It was 
unclear in a large number of studies if the cohort was recruited in an acceptable way. 
The quality of the included intervention studies is shown in appendix 4.4 using the 
Downs and Black measure. Total scores ranged from 18 to 25 out of a possible 32, 
with lower scores noted on items measuring internal and external validity.  
Descriptive Data Synthesis 
The associations were summarised for studies that could and could not be included in 
a meta-analysis. These results are outlined in table 4.2. For the studies that could not 
be meta-analysed, consistently statistically significant positive associations are 
evident between the dependant variable of PA and independent variables of self-
efficacy (Kasser and Kosma 2012, Kayes et al. 2011, McAuley et al. 2010, Motl and 
Snook 2008, Motl et al. 2006a, Motl et al. 2013b, Motl et al. 2007, Motl et al. 2009, 
Stroud et al. 2009, Ferrier et al. 2010) (n=10), outcome expectancies(Morrison and 
Stuifbergen 2014, Ferrier et al. 2010)(n=2), health beliefs (Kasser and Kosma 2012, 
Kayes et al. 2011) (n=2), perceived benefits and barriers (Stroud et al. 2009, Kayes et 
al. 2011, Vanner et al. 2008) (n=3) and enjoyment (Motl et al. 2006b) (n=1). There 
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was no clear association between social support and PA across three studies. The 
studies that could be meta-analysed are discussed below.  
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Psychosocial 
Construct 
Measured 
Outcome Measures Used Individual Non-Meta Analysed 
Results for association(s) with 
the dependant variable PA. 
Combined Meta-Analysed 
Results for associations with the 
dependant variable PA. 
Summary score for 
combined associations with 
the dependant variable PA. 
Self-Efficacy Self-Efficacy Scale 
 
 
Kasser & Kosma 2012 (+)  
 
 
 
 + 
 
Multiple Sclerosis Self-
Efficacy Scale (MSSS) 
Kayes et al 2011 (+), Motl & 
McAuley 2009b (?), Motl and 
Snook 2008 (+), Motl et al 2006 
b (+), Motl et al 2013  (+), Ng et 
al 2013(+) 
 + 
Exercise Self-
Efficacy 
Exercise Self-Efficacy 
Scale (EXSE) 
Motl et al 2007 (+), Motl et al 
2009(+), Stroud et al 2009(+) 
Motl and McAuley 2009a, Motl 
et al 2006a, Suh et al 2011b, 
Motl et al 2011, Suh et al 2015, 
McAuely et al 2010, Suh et al, 
2014, Morris et al 2008,Motl et al 
2013b, Snook & Motl 2008 (+) 
+ 
General 
Perceived Self-
Efficacy 
General Perceived Self-
Efficacy Scale (GPSS) 
Vanner et al 2008(+)  + 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
   Table 4.2: Results of Associations. Note: ‘+’ = Significant association, p< 0.05, ‘0’= Non significant association, ‘?’= unclear association 
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Barrier Self-
Efficacy 
Barriers Self-Efficacy 
Scale.  
Motl et al 2006 b(+), Motl et al 
2009 (+)  
+ 
Modified Barrier Self-
Efficacy Scale 
Ferrier et al 2010(+)  + 
Task Self-
Efficacy 
Task Self-Efficacy Scale Ferrier et al 2010(+)  + 
Goal-Setting Exercise Goal-Setting 
(EGS) 
 Dlugonski et al 2011, Suh et al 
2011a, Motl et al 2011, Suh et al 
2015, Suh et al 2014(+) 
+ 
Outcome 
Expectancies 
 
Multidimensional 
Outcome Expectancies 
for Exercise Scale 
(MOEES) 
Morrison & Stiufbergen 2014(+) McAuley et al 2010, Motl et al 
2011, Suh et al 2015, Suh et al 
2014 (+) 
+ 
Self-developed scale  Ferrier et al 2010(+)  
Health Beliefs 
 
Health Beliefs Scale Kasser & Kosma 2012 (+)  + 
The Cognitive and 
Behavioural Responses to 
Symptoms Questionnaire 
(CBSQ) 
Kayes et al 2011 (+)  
Perceived 
Benefits/Barriers 
 
Exercise 
Benefits/Barriers Scale 
(EBBS).  
Stroud et al 2009(+)  + 
The Barriers to Health 
Promoting Activities for 
Disabled Persons Scale 
(BHADP).  
Kayes et al 2011(+)  + 
The Barriers to Physical 
Activity Disability Scale 
(BPADS).  
Vanner et al 2008(+)  
   Table 4.2: Results of Associations. Note: ‘+’ = Significant association, p< 0.05, ‘0’= Non significant association, ‘?’= unclear association 
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Enjoyment 
 
 
Physical Activity 
Enjoyment Scale 
(PACES).  
 
Motl et al 2006 a(+) 
  
+ 
Social Support Social Provisions Scale 
(SPS) 
Motl and McAuley 2009 b2(?), 
Motl et al 2006 a(+), Suh et al 
2014 (0) 
 ? 
   Table 4.2: Results of Associations. Note: ‘+’ = Significant association, p< 0.05, ‘0’= Non significant association, ‘?’= unclear association 
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Study 1. Did 
it 
address 
a 
focused 
issue? 
2. Cohort 
recruited 
in an 
acceptable 
way? 
3. Was 
the 
exposure 
measured 
to 
minimise 
bias? 
4. Was 
the 
outcome 
measured 
to 
minimise 
bias? 
5 a. Have 
authors 
identified 
all 
confounding 
factors? 
5 b. Have they 
taken account 
of confounding 
factors in 
design/analysis? 
6 a. Was 
the follow 
up of 
subjects 
complete? 
6 b. 
Was the 
follow 
up of 
subjects 
long 
enough? 
Dlugonksi et al 
2011 
Y ? Y Y Y ? N/A N/A 
Ferrier et al 2010 Y N Y Y Y Y N Y 
Kasser & Kosma 
2012 
Y ? Y N Y Y N/A N/A 
Kayes et al 2011 Y ? Y Y Y Y N/A N/A 
McAuley et al 2010 Y ? Y Y Y ? N/A N/A 
Morris et al 2008 Y Y Y Y ? Y N/A N/A 
Morrison & 
Stiufbergen 2014 
Y N Y Y Y Y N/A N/A 
Motl &McAuley 
2009 a 
Y ? Y Y Y ? Y Y 
Motl & McAuley 
2009 b 
Y Y Y Y Y Y Y Y 
Motl &Snook 2008 Y Y Y Y Y Y N/A N/A 
Motl et al 2006 a Y ? Y Y Y Y N/A N/A 
Motl et al 2006 b Y ? Y Y Y ? N/A N/A 
Motl et al 2007 Y ? Y Y Y Y N/A N/A 
Motl et al 2009  Y ? Y Y Y Y ? N 
Motl et al 2013 a Y ? Y Y Y Y Y Y 
Motl et al 2013 b Y Y Y Y Y Y Y Y 
Snook & Motl 2008 ? N Y Y Y Y N/A N/A 
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Stroud et al 2009 Y Y Y Y Y Y N/A N/A 
Suh et al 2011 a Y ? Y Y Y ? Y Y 
Suh et al 2011 b Y ? Y Y Y ? N/A N/A 
Suh et al 2014 Y Y Y Y Y Y Y ? 
Vanner et al 2008 Y ? Y Y Y Y N/A N/A 
Table 4.3: CASP Quality Assessment Tool for Cohort Studies. Abbreviations: Y= Yes, N= No,? = Unclear, N/A= Not applicable 
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Questions (maximum scores) Motl et 
al 2011 
Feys et 
al 2013 
Ng et 
al 2013 
Suh 
et al 
2015 
Reporting: (11)     
1. Is the hypothesis/aim/objective of the study 
clearly described? 
1 1 1 1 
2. Are the main outcomes to be measured 
clearly described in the Intro or Methods 
section? 
1 1 1 1 
3. Are the characteristics of the patients 
included in the study clearly described? 
1 0 0 1 
4. Are the interventions of interest clearly 
described? 
1 0 1 1 
5. Are the distributions of principal 
confounders in each group of subjects to be 
compared clearly described?(*2pts) 
2 2 0 2 
6. Are the main findings of the study clearly 
described? 
1 1 1 1 
7. Does the study provide estimates of the 
random variability in the data for the main 
outcomes? 
1 0 1 1 
8. Have all important adverse events that may 
be a consequence of the intervention been 
reported? 
0 0 1 0 
9. Have the characteristics of patients lost to 
follow-up been described? 
1 1 1 1 
10. Have actual probability values been 
reported (0.035 rather than < .05) for the main 
outcomes except where probability value is 
less than .001? 
0 1 1 1 
External Validity (3)     
11. Were the subjects asked to participate in 
the study representative of the entire 
population from which they were recruited? 
? 0 ? ? 
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12. Were those subjects who were prepared to 
participate representative of the entire 
population from which they were recruited? 
0 ? 1 ? 
13. Were the staff, places, and facilities where 
the patients were treated, representative of the 
treatment the majority of patients receive? 
? ? 1 1 
Internal Validity- Bias (7)     
14. Was an attempt made to blind study 
subjects to the intervention they have 
received? 
0 N/A 0 0 
15. Was an attempt made to blind those 
measuring the main outcomes of the 
intervention? 
       0 N/A 0 1 
16. If any of the results of the study were 
based on "data dredging", was this made 
clear? 
 
1 1 1 1 
17. In trials and cohort studies, do the 
analyses adjust for different lengths of follow-
up of patients, or in case-control studies, is the 
time period between the intervention and 
outcome the same for cases and controls? 
1 1 1 1 
18. Were the statistical tests used to assess the 
main outcomes appropriate? 
1 1 1 1 
19. Was compliance with the intervention/s 
reliable? 
1 0 ? 1 
20. Were the main outcome measures used 
accurate (valid and reliable)? 
1 1 1 1 
Internal Validity (confounding)- Selection 
Bias (6) 
    
21. Were the patients in different intervention 
groups (trials and cohort studies) or were the 
cases and controls (case-control studies) 
recruited from the same population? 
? 1 1 ? 
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22. Were study subjects in different 
intervention groups (trials and cohort studies) 
or were the cases and controls (case-control 
studies) recruited over the same period of 
time? 
? 1 1 ? 
23. Were study subjects randomised to 
intervention groups? 
1 0 N/A 1 
24. Was the randomised intervention 
assignment concealed from both patients and 
health care staff until recruitment was 
complete and irrevocable? 
0 N/A N/A 1 
25. Was there adequate adjustment for 
confounding in the analyses from which the 
main findings were drawn? 
1 0 ? 1 
26. Were losses of patients to follow-up taken 
into account? 
1 1 1 1 
Power (5)     
27. Did the study have sufficient power to 
detect a clinically important effect where the 
probability value for a difference being due to 
chance is less than 5%? 
5 5 5 5 
Total Score (32) 22 19 22 25 
 
 
Table 4.4: Downs and Black Quality Assessment Tool of intervention studies. 
Abbreviations: 1= Yes, 0= No ,?= Unclear, N/A= Not Applicable.  
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Correlation of Meta-Analysis  
Subjective PA (GLTEQ) and Exercise Self-Efficacy (EXSE) 
Seven studies were included in the meta-analysis involving a total of 1,073 participants 
(Motl and McAuley 2009b, Motl et al. 2006a, Suh et al. 2011a,. Motl et al. 2011, Suh 
et al. 2015, McAuley et al. 2010, Suh et al. 2014). This included five observational 
and two intervention studies. The pooled correlation coefficient between GLTEQ and 
EXSE across studies was 0.34 (95% CI 0.28-0.39, p <0.0001) (see Figure 4.2) 
indicating a moderate, positive association between the two variables. There was no 
evidence of significant heterogeneity across studies (I2 = 0%, p=0.91). 
 
 
Figure 4.2 Correlation meta-analysis for GLTEQ and EXSE. 
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Objective PA (Acti-graph Activity Counts) and Exercise Self-Efficacy (EXSE) 
Seven studies, all observational studies, were included in the meta-analysis involving 
a total of 1,319 participants (Morris et al. 2008, Motl and McAuley 2009b, Motl et al. 
2006a, Snook and Motl 2008, Suh et al. 2014, Motl et al. 2013b, McAuley et al. 2010). 
The pooled correlation coefficient between objective PA and EXSE across studies was 
0.30 (95% CI 0.25-0.35, p <0.0001) (see Figure 4.3) indicating a moderate, positive 
association between the two variables. There was no evidence of significant 
heterogeneity across studies (I2 = 0%, p=0.88). 
 
 
 
Figure 4.3 Correlation meta-analysis for Objective PA and EXSE. 
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Subjective PA (GLTEQ) and Exercise Goal Setting (EGS) 
Five studies were included in the meta-analysis involving a total of 397 participants 
(Dlugonski et al. 2011, Suh et al. 2011a, Motl et al. 2011, Suh et al. 2015, Suh et al. 
2014). This included three observational and two intervention studies. The pooled 
correlation coefficient between GLTEQ and EGS across studies was 0.44 (95% CI 
0.35-0.52, p <0.0001) (see Figure 4.4) indicating a moderate to large, positive 
association between the two variables. There was no evidence of significant 
heterogeneity across studies (I2 = 30%, p=0.22). 
 
 
 
Figure 4.4 Correlation meta-analysis for GLTEQ and EGS. 
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 Subjective PA (GLTEQ) and Physical Outcome Expectations (MOESS Physical) 
Four studies were included in the meta-analysis involving a total of 551 participants 
(McAuley et al. 2010, Motl et al. 2011, Suh et al. 2014, Suh et al. 2015). This included 
two observational and two intervention studies. The pooled correlation coefficient 
between GLTEQ and MOESS Physical across studies was 0.13 (95% CI -0.03-0.29, 
p=0.11) (see Figure 4.5) indicating no association between the two variables. There 
was evidence of significant heterogeneity across studies (I2 = 66%, p=0.03). 
 
 
 
Figure 4.5 Correlation meta-analysis for GLTEQ and MOESS Physical. 
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 Subjective PA (GLTEQ) and Social Outcome Expectations (MOESS Social) 
Four studies were included in the meta-analysis involving a total of 551 participants 
(McAuley et al. 2010, Motl et al. 2011, Suh et al. 2014, Suh et al. 2015). This included 
two observational and two intervention studies. The pooled correlation coefficient 
between GLTEQ and MOESS Social across studies was 0.19 (95% CI 0.11 to 0.27, 
p<0.0001) (see Figure 4.6) indicating a small, positive association between the two 
variables. There was no evidence of significant heterogeneity across studies (I2 = 0%, 
p=0.86).  
 
 
 
Figure 4.6 Correlation meta-analysis for GLTEQ and MOESS Social. 
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Subjective PA (GLTEQ) and Self Evaluative Outcome Expectations (MOESS Self 
Evaluative) 
Four studies were included in the meta-analysis involving a total of 551 
participants(McAuley et al. 2010, R. W. Motl et al. 2011, Suh et al. 2014, Suh et al. 
2015). This included two observational and two intervention studies. The pooled 
correlation coefficient between GLTEQ and MOESS Self Evaluative across studies 
was 0.27 (95% CI 0.19-0.35, p<0.0001) (see Figure 4.7) indicating a small to 
moderate, positive association between the two variables. There was no evidence of 
significant heterogeneity across studies (I2 = 28%, p=0.24). 
 
 
 
Figure 4.7 Correlation meta-analysis for GLTEQ and MOESS Self Evaluative. 
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Summary of Intervention Effects 
There was a change in self-report PA in two studies immediately after a 6 (2015) and 
12 (Motl et al. 2011) week intervention. Goal-setting improved significantly in both 
these studies and was also identified as mediating the change in PA behaviour in 
both interventions, other variables that were measured in these studies did not 
change or act as mediators of PA change. Although there was no improvement in PA 
in Ng et al (Ng et al. 2013), The Multiple Sclerosis Self-Efficacy Scale (MSSES) 
improved significantly after intervention (p < 0.001).  This improvement was 
maintained at 1, 3 and 6 months (all p </= 0.001). However, there was no significant 
change in self-efficacy within the other three studies that used a different self-
efficacy scale, the Exercise Self-Efficacy Scale (EXSE) (Motl et al. 2011, Feys et al. 
2013, Suh et al. 2015).  
Discussion 
 
The aim of this systematic review and meta-analysis was to evaluate the evidence 
regarding the modifiable individual-level psychosocial constructs associated with PA 
participation among pwMS. A total of 26 studies were included for review, including 
22 observational and 4 intervention studies. The strongest association, based on a 
pooled correlation coefficient across studies, was between subjective PA and goal-
setting. Additionally, both objective and subjective PA had moderately strong 
associations with exercise self-efficacy. Studies with constructs that could not be in a 
meta-analysis due to heterogeneity in PA measures used also demonstrated consistent, 
statistically significant positive correlations with PA. These constructs included 
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measures of health beliefs, enjoyment and perceived benefits and barriers. The 
association between social support and PA was unclear.  
This review shows a moderate-large positive association between goal-setting and 
subjective PA, the strongest for all variables in the review. Of note, goal-setting was 
the only construct in the included intervention studies to change after intervention and 
successfully mediate PA behaviour change (Motl et al. 2011, Suh et al. 2015). Goal-
setting has been widely recognised as a successful behaviour change technique for 
changing PA behaviour already (Michie et al. 2011a) and this review highlights the 
need to continue to include goal-setting techniques within successful behavioural 
interventions. One example of how current MS PA interventions are encouraging goal-
setting is through aspects of self-monitoring. The internet intervention described by 
Motl and colleagues (Motl et al. 2011) uses a specific program called ‘Goal-Tracker’ 
which enables participants to log daily step counts using a pedometer and additionally, 
set a step count goal and monitor progress toward reaching that goal using a simple 
line graph (i.e., immediate feedback).  
Self-efficacy demonstrates a moderately strong positive association with both 
objective and subjective PA in this review. Self-efficacy is defined by Bandura, as a 
person’s belief in their capacity to successfully perform a given behaviour (Bandura 
1982). Sources of self-efficacy include mastery (or performance accomplishments), 
vicarious experience, verbal persuasion, physiological arousal and imagery (Bandura 
1982). These sources or social learning processes provide a direct pathway to 
productive goal-setting which has shown to impact behaviour (Locke et al. 1981), a 
framework also supported in behavioural theories such as the Health Action Process 
Approach (HAPA) (Schwarzer 2008).  
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 Self-efficacy was the only construct in this review for which there was sufficient 
studies to carry out a meta-analysis with objective PA. Recent evidence in the healthy 
population literature suggests subjective measures of PA may not be as accurate and 
emphasis should be placed on interpreting results of objective PA measures first 
(Steene-Johannessen et al. 2015, Dhurandhar et al. 2015). Unlike goal-setting, current 
behavioural interventions, as shown in this review, do not appear to greatly improve 
self-efficacy (Motl et al. 2011, Suh et al. 2015, Feys et al. 2013). Additionally, any 
change in self-efficacy that does occur (Ng et al. 2013) was not found to be a mediator 
or moderator for PA behaviour change. This raises the question of the role of self-
efficacy in changing PA behaviour, given its demonstrated moderate association with 
PA. Two hypotheses may explain these findings. Firstly, self-efficacy can decrease 
after some PA interventions. People start interventions very confident in the potential 
for change as they are receiving an intervention and support. This then declines when 
the intervention is over as the program and support are gone. A second hypothesis may 
be that the interventions did not directly target self-efficacy. 
Meta-analysis of the associations between outcome expectancies and subjective PA 
illustrate small-moderate associations. The small associations for physical and social 
subscales are unexpected as qualitative data suggests that pwMS want knowledge on 
the physical benefits of PA before engaging in PA behaviour (Asano et al. 2013, Casey 
et al. 2015). It is possible that while pwMS perceive this is what they need, and what 
they actually require to change PA behaviour may differ. Additionally, the role of 
social-support for increasing PA behaviour has received a lot of attention, emerging 
as a facilitator for PA behaviour in a recent qualitative review (Learmonth and Motl 
2015). Within the review, social support was the only construct to demonstrate no 
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clear association with PA, again highlighting discrepancies between results from 
qualitative and quantitative data.   
Constructs included in the meta-analysis such as self-efficacy, goal-setting and 
outcome expectancies are closely related to the Social Cognitive Theory (SCT) and 
are extensively studied in the MS PA literature. The SCT has provided the basis of the 
majority of behavioural interventions in the MS literature at present (Dlugonski et al. 
2012), (Motl et al. 2011), (Pilutti et al. 2014), (Sandroff et al. 2014) (Carter et al. 
2014). A detailed discussion cannot be given on the constructs that were used in a 
meta-analysis due to the heterogeneity in outcome measures used and the small 
number of studies that captured these constructs. However, there is some evidence that 
constructs including health beliefs, benefits and barriers to PA and enjoyment have 
positive associations with both objective and subjective PA.  
This review includes examples of intervention studies that have been successful in 
changing known correlates of PA including goal-setting and self-efficacy. Such 
examples may be useful for both clinicians and researchers in the field when aiming 
to change PA. The internet intervention evaluated by Motl et al in 2011(R. W. Motl et 
al. 2011) encompasses SCT techniques which showed changes in goal-setting among 
participants, whilst the wellness program developed by Ng and colleagues (Ng et al. 
2013) resulted in changes in self-efficacy.  
 Although use of theory within current PA interventions for pwMS is supported, 
changing behaviour is complex. It is not until a behaviour is truly understood that a 
behaviour will change and other factors must be explored outside of those within the 
SCT (Michie et al. 2011b). It is from there that improvements in employing theory 
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and theoretical constructs will occur which will ultimately result in changing PA 
behaviour in people with MS.   
Future studies should aim to explore previously un-investigated correlates and 
predictors of PA in pwMS. SCT constructs have been extensively investigated though 
alone have explained between 28-40% of PA variance (Suh et al 2014, Motl and Snook 
2008). More variance can be explained when MS symptoms and SCT constructs have 
been explored together, reporting up to 46% of PA variance.  However, these findings 
suggest more than 50% of PA behaviour variance is unexplained. Researchers should 
investigate behavioural models or frameworks outside of those already used for 
example the Health Action Process Approach (HAPA) (Schwarzer 2008). The HAPA 
explained up to 38% of PA behaviour in pwMS with the inclusion of factors such as 
severity, action self-efficacy, outcome expectancy, risk perception, perceived barriers, 
intention, maintenance self-efficacy, action and coping planning, and recovery self-
efficacy.  Additionally, the Theoretical Domains Framework (TDF) (Cane et al 2012) 
is an integrative framework designed for behaviour change research which 
encompasses 14 theoretical domains with associated theoretical constructs of which 
some could potentially be significant predictors of PA for people with MS. If such 
predictors are combined with those already known it is possible increased variance 
can be explained. Overall, broad, in-depth knowledge of the factors contributing to PA 
behaviour change in this population is required to extend our current knowledge.  
Strengths and Limitations 
Strengths of this review include a systematic search with eight electronic databases by 
two independent researchers. Additionally, results were pooled across studies in a 
meta-analysis. Correlation meta-analysis is not recommended, however, where there 
are a very small numbers of relevant studies so not all associations could be meta-
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analysed. This review also focused on individual-level, modifiable, psychosocial 
constructs associated with PA only and didn’t consider non-modifiable constructs such 
as environmental or societal constructs. The authors acknowledge that this limits the 
inclusion of other potentially important variables.  
Conclusion 
 
The development of future PA interventions should continue to focus on the 
psychosocial constructs of self-efficacy, goal-setting and outcome expectancies. 
However, there is a need to explore the associations between other constructs outside 
of those reported in this review. 
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Abstract 
 
Objective: To investigate the bivariate correlations between objective physical 
activity (PA), self-efficacy and a range of Multiple Sclerosis (MS) symptom measures. 
Also, to determine if any MS symptom measures moderate the relationship between 
self-efficacy and PA. 
Methods: Baseline analysis from a randomised control trial (RCT) of exercise plus a 
behaviour change intervention was used. Fifty nine physically inactive people with a 
definite diagnosis of MS were included. Participants were asked to record 7-day 
objective PA with the Sense Wear Armband. Additionally, measures of self-efficacy 
(Exercise Self-efficacy Scale-EXSE), walking endurance (6 Minute Walk Test-
6MWT), impact of walking (Multiple Sclerosis Walking Scale-MSWS-12), anxiety & 
depression (Hospital Anxiety and Depression Scale-HADS) and fatigue (MFIS), were 
assessed before intervention. Pearson’s correlations and moderation analysis was 
conducted.  
Results: Self-efficacy was positively associated with PA (r=0.30, p <0.05). Hospital 
Anxiety and Depression Scale-Depression (HADS-D) (r= -0.25, p <0.05) and Multiple 
Sclerosis Walking Scale 12 (MSWS-12) (r= -0.31, p <0.01) demonstrated statistically 
significant negative correlations with self-efficacy but not with PA. Moderation 
analysis illustrated a significant interaction between anxiety and self-efficacy (r=0.39, 
p <0.03) with a R2 value of 0.15. The interaction was significant at lower values of 
anxiety, suggesting that the relationship between self-efficacy and PA is stronger when 
levels of anxiety are lower.  
Conclusion: This paper confirms the potential role of MS symptoms, in particular 
anxiety, in explaining PA behaviour in an inactive sample of pwMS. Further 
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exploration is warranted and future PA interventions should acknowledge the potential 
interplay of psychosocial constructs such as self-efficacy and anxiety in changing PA 
behaviour among pwMS.   
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Introduction 
 
There is strong interest in behavioural approaches of increasing physical activity (PA) 
in persons with Multiple Sclerosis (MS), considering that it is associated with 
consequences of the disease, including fatigue, depression and anxiety, strength, 
balance, mobility limitations and quality of life (Kjølhede et al. 2012, Pilutti et al. 
2013, Gunn et al. 2015, Snook et al. 2009, Motl and Gosney 2007). Such behavioural 
approaches often focus on identifying theoretical constructs that are associated with 
PA and that are modifiable through focal interventions (Ellis and Motl 2013).  
To date, social cognitive theory has most consistently been applied for understanding 
PA in MS, and its central agent, self-efficacy, has been a cross-sectional, prospective, 
and longitudinal correlate of PA in such research (Morris et al. 2008, Motl and 
McAuley 2009, Motl et al. 2006, Snook and Motl 2008, Suh et al. 2014, Motl et al. 
2013, McAuley et al. 2010). This has informed the design of successful behavioural 
interventions for increasing PA in MS (Motl 2014). Nevertheless, the association 
between self-efficacy and PA might depend upon manifestations of MS and how these 
manifestations affect sources of self-efficacy. Sources of self-efficacy include 
mastery, vicarious experience, verbal persuasion and emotional arousal (Bandura 
1977).  
For example, self-efficacy might be most strongly associated with PA among those 
with MS who have severe fatigue, as confidence yields its strongest associations with 
behaviour under the most challenging conditions (Bandura 1977). Under difficult 
physiological circumstances, if one successfully achieves a behaviour, mastery and 
thus self-efficacy is enhanced (Bandura 1994).  Prevalence rates for fatigue are as high 
as 53% among pwMS (Wood et al. 2012). This, along with other symptoms which are 
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of concern to pwMS, such as walking mobility and impact of walking (Heesen et al. 
2008), may affect mastery of PA behaviour and thus influence self-efficacy. 
Additionally, the presence of depression and/or anxiety can often elicit emotional 
arousal which can affect self-efficacy when coping with certain situations such as 
attempting to change physical activity behaviours (Bandura 1994). Up to 23.7% and 
44% of pwMS experience depression and/or anxiety, respectively (Wood et al. 2012).   
If these assumptions are correct, then this would inform the design of behavioural 
interventions targeting PA based on specific MS symptoms that may potentially 
moderate the relationship between self-efficacy and PA. To that end, this study aims 
to: 1) investigate the bivariate correlations between objective PA, self-efficacy and a 
range of MS symptom measures (fatigue, walking endurance, impact of walking, 
depression and anxiety) and 2) determine if any of these MS symptom measures 
moderate the relationship between self-efficacy and PA. 
Methods 
 
Study Design 
This study constituted a baseline analysis from a randomised control trial (RCT), 
namely Step it Up (SIU). SIU compares the effect of an exercise plus Social Cognitive 
Theory (SCT)-based behaviour change intervention with an exercise plus attention 
control education intervention on walking mobility among physically inactive pwMS. 
The protocol for this trial has been discussed in detail elsewhere (Coote et al. 2014).  
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Participants 
Participants were recruited through social media, email, and postal communications 
of MS Ireland. Neurology clinics in three locations in the west and south of Ireland 
also provided assistance with recruitment. Information leaflets and informed consent 
forms were sent via post or email to each potential participant.  Those who were 
interested in taking part in the trial were invited to contact the research team via phone 
or email. Following this, information was provided about Step it Up and potential 
participants were screened for eligibility. Inclusion criteria included: 1) physician-
confirmed formal diagnosis of MS, (2) aged 18 years or more, (3) Patient Determined 
Disease Steps (PDDS) score of 0–3, (4) a sedentary lifestyle (<30 minutes of moderate 
to strenuous exercise one day or more per week over the last six months) and (5) 
willingness to give written informed consent. Exclusion criteria were: (1) participants 
being pregnant, (2) MS relapse in the last 12 weeks and (3) changes to MS medication 
or steroid treatment in the last 12 weeks.  
Procedure 
Those who were interested in participation and met the inclusion criteria were sent all 
of the self-report outcome measures prior to objective assessment. The objective 
assessment was held before the intervention classes started. The assessor was blinded 
to allocation.  
Outcome Measures 
Objective Physical Activity 
The Sense Wear Arm band (SWA) was used to measure PA over a 7-day period. It 
has outputs of both estimated steps and energy expenditure (EE). For this study, the 
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algorithm for EE was used for analysis. EE measured by the SWA has demonstrated 
acceptable validity among people with mild disability with MS (Coote and O'Dwyer 
2012). SWA integrates a biaxial accelerometer (longitudinal and transverse axis), heat 
flux sensor, galvanic skin response sensor, skin temperature sensor, and a near-body 
ambient temperature sensor in addition to demographic data (sex, age, height, weight). 
The SWA was attached to the upper arm (overlying the triceps) and worn at all times, 
excluding showering, swimming, and bathing. SWA data was downloaded using the 
SenseWear Innerview Professional Software version 6.1. For our analyses we used 
only participants who had four valid days (n=59) of energy expenditure per week, as 
preliminary analysis indicates a minimum of any 4 days of the week provides a reliable 
estimate of average daily energy expenditure (Norris et al. 2017).   
Self-Efficacy 
The Exercise Self-Efficacy Scale (EXSE) was used to asses self-efficacy (McAuley 
1993). This scale has 6 items and is rated on a scale from 0 (not at all confident) to 
100 (completely confident). These scores are averaged into a composite that ranges 
between 0 and 100. Higher scores reflect greater confidence in one’s ability to 
regularly engage in physical activity. The EXSE has demonstrated validity and 
reliability within MS populations (Suh et al. 2014, Motl et al. 2006, Morris et al. 2008).  
MS Symptoms 
Emotional Function: The Hospital Anxiety and Depression Scale (HADS) (Zigmond 
and Snaith 1983) measures emotional function via a 14 item self-report scale and items 
2, 4, 7, 9, 12, and 14 are reverse coded. The scale can be sub-scored for depression 
and anxiety as individual measures of which both are valid in a MS population 
(Honarmand and Feinstein 2009). Responses are scored on a scale of 0–3 (3 indicates 
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higher symptom frequencies). Scores for each subscale (anxiety and depression) range 
from 0 to 21 with scores categorized as follows: normal 0–7, mild 8–10, moderate 11–
14, and severe 15–21. Scores for the entire scale (emotional distress) range from 0 to 
42, with higher scores indicating more distress.  
Walking Endurance: The 6 minute walk test (6MWT) is a measure of walking 
endurance. Participants were asked to walk for 6 minutes as quickly and safely as 
possible with distance in meters being measured(Goldman et al. 2008). The 6MWT 
has demonstrated excellent test-retest reliability and concurrent validity among people 
with mild to moderate MS (Fry and Pfalzer 2006).  
Impact of Walking: The Multiple Sclerosis Walking Scale 12 (MSWS-12) (Hobart 
et al. 2003) is a self-report measure of an individual’s walking limitations due to MS. 
It has 12 items measured on a Likert scale ranging from 1 (not at all) to 5 (extremely). 
It is has demonstrated validity (Cavanaugh et al. 2011), and reliability (Motl et al. 
2011) among pwMS.  
Impact of Fatigue: The Modified Fatigue Impact Scale (MFIS) is a 21-item self-
report questionnaire which measures the impact of fatigue on physical, cognitive, and 
psychosocial functioning among participants. Higher scores indicated a higher impact 
of fatigue. This measure has demonstrated validity (Rietberg et al. 2010), and 
reliability (Amtmann et al. 2012) in MS populations. 
Demographic and Clinical Variables 
A range of demographic and clinical variables were collected using a pre-defined 
questionnaire. In order to gain a descriptive variable of disability, the Expanded 
Disability Status Scale (EDSS) (Kurtzke 1983) was administered to all participants at 
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baseline. The blind assessor responsible for administering the EDSS was formally 
trained in its delivery. The EDSS is a clinical outcome measure of MS disease 
progression, and is commonly the standard that other outcome measures are compared 
against.   
Data Analysis 
The data were analysed using IBM SPSS Statistics, version 22.0 for Windows. 
Descriptive statistics (means and standard deviations (SDs) for all outcome variables 
were computed. Kolmogorov-Smirnoff’s (KS) test for normality was also employed 
(Field 2009). Wherein KS was not significant (p <0.05) but other descriptive factors 
indicated non-normally distributed data, normality was not assumed. This was 
supplemented through the observation of scatter plots, histograms, and quantitative 
measures of skewness and kurtosis (Field 2009).  
Bivariate correlations were used to examine associations between all included 
measures. Given that the majority of data were normally distributed, Pearson’s (r) 
correlation coefficients were used for all variables (Field 2009).  
After establishing the distribution of the data and bivariate correlations, moderation 
analysis was performed using an additional statistical package, Process Software, 
model 1 (Hayes 2013). A moderation model tests whether the prediction of a 
dependent variable, Y, from an independent variable, X, differs across levels of a third 
variable, Z, the moderator (Fairchild and MacKinnon 2009). This study aimed to 
determine what variables (Z) moderate the relationship between self-efficacy (X) and 
PA (Y).  
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Moderation was assumed if the interaction between X and Z on predicting the 
dependant variable, Y, was significant (p < 0.05) (Fairchild and MacKinnon 2009). 
Process software, model 1, also gives the total r and r2 values for X predicting Y and 
the overall significance level of the moderation model (Hayes 2013). Cohen provides 
a rule of thumb for interpreting such effect sizes (r), suggesting that an r of 0.1 
represents a 'small' effect size, 0.3 represents a 'medium' effect size, and 0.5 represents 
a 'large' effect size (Cohen 1992). While r2, as a percentage, measures the variance 
explained by the linear relationship between two variables (Field 2009). 
Results 
 
Sample Characteristics 
The sample was predominately female (n=55, 84.6%) with a mean age of 41.98 (9.76) 
years. Participants had minimal disability with a mean EDSS of 3.23 (0.79). 
Additional demographic and clinical information is provided in table 5.1. Fifty nine 
people, out of the 65 assessed at baseline, provided PA data and 57 were included for 
primary moderation analysis.  
Descriptive Statistics and Correlations 
The descriptive statistics for all variables are provided in table 5.2. All of MS symptom 
measures were regarded as normally distributed. 
Bivariate correlations are presented in table 5.3. There was a statistically significant 
correlation between PA and self-efficacy (r=0.30, p<0.05). Additionally, HADS-D (r= 
-0.25, p <0.05) and MSWS-12 (r= -0.31, p <0.01) demonstrated statistically significant 
negative correlations with self-efficacy.  
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Variables n 
Demographic and clinical 
characteristics 
Mean (SD) Median (IQR 
25th - 75th) 
 
Site location, n (%) 
Galway 
Limerick 
Cork 
 
18 (27.7) 
28 (43.1) 
19 (29.2) 
 65 
Age, years 41.98 (9.76) 41.0 (35.0-49.0) 65 
Gender, n (%) 
Male 
Female 
 
10 (15.4) 
55 (84.6) 
 65 
MS type, n (%) 
Primary progressive 
Secondary progressive 
Relapsing-remitting 
Benign 
Unknown 
 
1 (1.5) 
1 (1.5) 
54 (83.1) 
4 (6.2) 
5 (7.7) 
 65 
EDSS 3.23 (0.79) 3.50 (3.00-
3.5.00) 
65 
Time since MS diagnosis, years 6.94 (5.93) 5.50 (1.54-11.08) 61 
Time since experience MS symptoms, 
years 
10.06 (8.57) 8.41 (4.50-14.0) 59 
Number of falls in the last 3 months, n 0.37 (0.71) 0.00 (0.00-0.75) 60 
Highest educational achievement, n 
(%) 
Secondary school- junior certificate 
Secondary school- leaving certificate 
Third level- diploma/certificate/degree 
Third level- post-graduate degree 
 
5 (7.7) 
9 (13.8) 
37 (56.9) 
14 (21.5) 
 65 
Employment status, n (%) 
Work full-time 
Work part-time 
Unemployed 
Student 
Homemaker 
Retired  
Unable to work due to health reasons 
 
23 (35.4) 
12 (18.5) 
4 (6.2) 
1 (1.5) 
10 (15.4) 
1 (1.5) 
13 (20.0) 
 64 
Marital status, n (%) 
Single 
Living with partner 
Married 
Separated 
Divorced 
 
13 (20.0) 
6 (9.2) 
43 (66.2) 
2 (3.1) 
1 (1.5) 
 65 
Type of exercise in the last 6 months, n 
(%) 
Walking 
Swimming 
Cycling 
 
40 (61.7) 
1 (1.5) 
2 (3.1) 
7 (10.8) 
 50 
Table 5.1: Participant demographic and clinical characteristics 
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Variable N Mean (SD) Sample Min - 
max 
Skewness Kurtosis Kolmogorov-
Smirnoff’s 
(KS) 
Distribution 
 
Objective Physical Activity 
 
       
Energy Expenditure 59 1973.34(348.32) 1157-2818 0.23 0.30 p=0.20 ND 
Psychosocial Construct        
Self-Efficacy (EXSE) 65 67.72(23.80) 8.33-100 -0.50 -0.36 p=0.20 ND 
MS Symptoms 
 
       
Emotional Function- 
Depression (HADS) 
65 5.69(3.46) 0-14 0.41 0.59 p=0.09 ND 
Emotional Function- 
Anxiety (HADS) 
65 7.79(4.08) 0-19 0.29 0.15 p=0.02 ND 
Walking Endurance 
(6MWT) 
65 463.37(71.30) 300-625 0.14 0.59 p=0.20 ND 
Impact of Walking 
(MSWS12) 
65 35.71(26.36) 0-85.42 0.13 0.59 p=0.10 ND 
Impact of Fatigue (MFIS) 65 44.83(16.02) 2-84 -0.20 0.39 p=0.20 ND 
 
Table 5.2: Descriptive sample of study variables with a comment on normality. 
EXSE= Exercise Self-Efficacy, HADS- Hospital Anxiety and Depression Scale, 6MWT= 6 Minute Walk Test, MSWS-12= Multiple 
Sclerosis Walking Scale, MFIS= Modified Fatigue Impact Scale, ND= Normally Distributed 
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Variables 1 2 3 4 5 6 7 
1. Physical 
Activity 
 
1.00       
2. Self-Efficacy 
 
0.30*   1.00      
3. HADS-D 
 
0.19 -0.25*  1.00     
4. HADS-A 
 
0.07 -0.15 0.39**   1.00    
5. 6MWT 
 
0.13 0.15 0.12 -0.14  1.00   
6. MSWS-12 -0.19 0.31** -0.52** -0.17 -0.15 1.00  
7. MFIS -0.22 -0.24 -0.61** 0.53** 0.17 0.29  1.00 
 
Table 5.3: Pearson’s bivariate correlation analysis between measures of physical 
activity, self-efficacy and MS related-symptoms 
**: p<0.01; *: p<0.05; Physical Activity= Energy Expenditure, HADS- 
Hospital Anxiety and Depression Scale, 6MWT= 6 Minute Walk Test, MSWS-
12= Multiple Sclerosis Walking Scale, MFIS= Modified Fatigue Impact Scale.  
 
Moderation Analysis 
Firstly, self-efficacy is significantly associated with PA (r = .302, p < 0.02) and 
explains 9.1% of PA behaviour in this sample. The effect is moderate in size.  
The moderation model including HADS-A is reported in Table 5.4 and figure 5.1. The 
model is statistically significant (r=0.39, p <0.03) with a R2 value of 0.15. 
Additionally, the interaction of HADS-A and self-efficacy is significant (p<0.05). This 
suggests HADS-A scores moderate the linear relationship between self-efficacy and 
PA. Of note, this interaction contributes to an R2 change of 4.8% and is only significant 
at lower and mean values of HADS-A. Therefore, suggesting that the relationship 
between self-efficacy and PA is stronger when the presence of anxiety is lower. No 
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other variable statistically moderated the relationship between self-efficacy and PA in 
this analysis.  
 
Table 5.4: Linear Model of predictors of Physical Activity 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.1 Proposed Model of Moderation. 
Discussion 
 
The aims of this paper were to 1) investigate the bivariate correlations between 
objective PA, self-efficacy and a range of MS symptom measures and 2) determine if 
any MS symptom measure moderates the relationship between self-efficacy and PA.   
Mean Values of HADS-A  95% CI t p 
Lowest 3.56 [3.00, 14.52] 3.05 <0.01 
Mean 7.64 [0.90, 8.35] 2.49 <0.01 
Highest 11.73 [-4.83,5.82] 0.19 =0.85 
Anxiety 
Self-Efficacy Physical Activity 
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In summary, self-efficacy was significantly correlated with objective PA in this 
sample. Additionally, MS symptoms including depression and walking limitations 
were significantly associated with self-efficacy. Lower scores on the HADS-A scale 
significantly moderated the linear relationship between self-efficacy and objective PA.  
This paper confirms the positive association between objective PA and self-efficacy 
in an inactive, ambulatory sample of pwMS. This association has been well 
documented in the literature and in this study self-efficacy predicts 9.1% of physical 
activity levels in this sample with a moderate effect size (r=0.30). This is in line with 
a recent meta-analysis (Casey et al. 2016) examining the association between objective 
PA and self-efficacy, this effect was also moderate in size with a r value of 0.30  
Walking endurance, was also found to be associated with objective PA. These results 
suggest that pwMS who have reduced walking endurance as per the 6MWT have 
decreased physical activity levels. Again, these findings are supported by published 
PA data in this population, whereby it is reported that MS symptoms like these may 
reduce the capacity and motivation for participation in PA (Motl et al. 2006).  
Additionally,  MS symptoms of depression (HADS-D) and walking limitations 
(MSWS-12) were negatively associated with self-efficacy, suggesting a relationship 
between symptoms and a person’s belief in their ability to be physically active 
(Bandura 1982). Associations between depression and self-efficacy have been 
demonstrated in the past with moderate to large effect sizes, respectively (Motl et al. 
2009).  With prevalence rates of 23.7% reported for depression among pwMS, 
respectively, these symptoms are common (Wood et al. 2012). It is therefore possible 
that these symptoms could be present and subsequently be associated with low self-
efficacy among physically inactive individuals with MS. Albeit, this needs to be 
confirmed with additional longitudinal research and advanced analysis.  
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In further exploring the established linear relationship between self-efficacy and 
objective PA, anxiety significantly moderates this association. The interaction 
between anxiety and self-efficacy is significant at lower and mean values of HADS-
A. In the moderation model in this paper, these findings explain a further 15% of PA 
variance. This interaction suggests that when anxiety levels are lower or at mean 
values, the relationship between self-efficacy and PA is stronger, thus we can explain 
more variance in PA. The population sample in this paper has a mean HADS-A score 
of 8. Of note, a cut-off score of 8 has specificity and sensitivity levels of 80.7% and 
88.5% for measuring anxiety among pwMS (Honarmand and Feinstein 2009). 
However, this is only for general anxiety disorders and not those of obsessive 
compulsive and social anxiety. Therefore, this inactive, ambulatory sample of pwMS 
can be regarded as having mild general anxiety which significantly interacts with their 
self-efficacy to predict PA behaviour. Prevalence rates of general anxiety are as high 
as 44% among pwMS (Wood et al. 2012). Given the high prevalence of anxiety, it is 
important to measure and target the same in our PA interventions. Future PA 
interventions should measure anxiety levels among pwMS and acknowledge that 
lower levels can positively influence the relationship between self-efficacy and PA. 
It is possible to also think of these symptoms (walking limitations, anxiety and 
depression) as sources of efficacy beyond moderators or correlates of efficacy. That 
is, walking problems provide a source of information about one’s perceived ability 
and capacity for being physically active (i.e., performance accomplishment). Whilst 
HADS-D and HADS-A provide a source of efficacy information that is based on 
affective/emotional states. PA interventions should acknowledge the role of these 
symptoms in providing potential sources of efficacy. 
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Strengths and Limitations 
The strengths of this paper are in the objective measurement of PA and the unique 
sample of physically inactive pwMS from an Irish community. However, this study is 
not without its limitations. Firstly, the data is cross-sectional and therefore only 
provides information from one time-point. The sample is also small and constrains the 
investigation of other potentially important covariates or interactions among PA and 
exercise self-efficacy.  The analysis did not adjust for potential confounders and 
should be considered preliminary.   
Conclusion 
 
This paper confirms the potential role of MS symptoms, in particular anxiety, in 
explaining PA behaviour in an inactive sample of pwMS. Further exploration is 
warranted and future PA interventions should acknowledge the potential interplay of 
psychosocial constructs such as self-efficacy and anxiety in changing PA behaviour 
among pwMS.  
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Abstract 
 
Purpose: To investigate what people with Multiple Sclerosis (pwMS) want from a 
web based resource that encourages physical activity (PA).  
Methods: Three focus groups (n= 22) and 11 semi-structured interviews were 
conducted. The semi-structured interviews were conducted using Skype (audio only) 
or telephone. Interviews were audio-recorded, transcribed verbatim and the thematic 
analysis approach described by Braun and Clarke (2006) was performed. 
Results: The themes from the data were: 1) Content-Important Information to Include 
2) Presentation- Varying Format, Different Abilities 3) Interactivity- Build a Sense of 
Community and 4) Reach the Audience - Let People Know. Participants believed the 
web resource to be a good idea and suggested that the content of resource should 
include a focus on the knowledge of the benefits of being physically active. Illustrating 
the types of exercise in which pwMS could participate in was also discussed. Ensuring 
information was stratified by mobility level and that the resource was interactive, 
portraying a ‘Sense of Community’ and use of success stories, was also suggested by 
participants.  
 
Conclusions:  The data suggests that pwMS want a variety of information from a 
variety of sources and that this information is to be both stratified and interactive. 
These results will be used to inform the development of the ‘Activity Matters’ website 
which will aim to enable pwMS to become more physically active. 
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Introduction  
 
In recent years, there has been a growing body of evidence for the positive effects of 
structured exercise on fatigue (Pilutti et al. 2013), strength (Kjølhede et al. 2012), 
balance (Paltamaa et al. 2012), mobility (Snook et al. 2009) and quality of life (QoL) 
(Motl and Gosney 2007) for people with MS (pwMS). Structured exercise is only one 
part of physical activity (PA) (Bouchard et al. 1994) and evidence also suggests being 
more physically active also offers benefits (Motl et al. 2008). Despite this, pwMS are 
largely inactive and are at risk of secondary complications due to sedentary lifestyles 
(Sandroff et al. 2012, Motl et al. 2005).   
PwMS indicate a strong desire for more information on exercise and PA if they are to 
become more physically active (Hepworth and Harrison 2004),(Sweet et al. 2013). 
Although research evidence highlights the benefits of being active for this population, 
the information needs of pwMS suggest there is a gap between knowledge and practise 
(Sweet et al. 2013, Hepworth and Harrison 2004). When developing an intervention 
or strategy to translate knowledge to practise, one must ensure it is delivered in a 
medium that matches the interest and usage profile of the target population (Dlugonski 
et al. 2011). Evidence suggests that the preferred method of delivering this information 
is via the web, largely due to its popularity with pwMS (Wardell et al. 2009). Little 
else is known about the desired needs of pwMS for a web based resource to encourage 
activity, other than that the information should be credible and mixed(Sweet et al. 
2013). 
Knowledge translation (KT) is defined as ‘a dynamic and iterative process that 
includes the synthesis, dissemination, exchange and ethically sound application of 
knowledge to improve health, provide more effective health services and products and 
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strengthen the health care system’ (Straus et al. 2009). KT involves the dissemination 
of knowledge (i.e. journal publications, public campaigns, advertising, etc. on the 
benefits of exercise and PA for pwMS) and putting this knowledge into action (.i.e. 
increasing PA levels in pwMS). Interestingly, despite an abundance of journal papers 
highlighting the positive effects of PA for pwMS, physical inactivity remains a 
problem in this population suggesting a failure to translate knowledge effectively. 
Strategies to communicate research findings to pwMS and healthcare practitioners and 
ensure information and PA interventions for pwMS are relevant and accessible are 
required(Bero et al. 1998) 
 
A systematic review of the literature shows that over 30 KT frameworks exist, with 
the majority of these frameworks containing similar components(Wilson et al. 2010). 
One framework that has proven particularly successful in a health promotion setting, 
is the RE-AIM Framework (Glasgow et al. 1999). The aim of the framework is that it 
assists with the translation of research to practise and estimates the impact an 
intervention or strategy has on a population (Glasgow et al. 1999). RE-AIM is an 
acronym for the framework’s five key components; Reach, Effectiveness, Adoption, 
Implementation and Maintenance. It is through these components that the impact of 
an innovation can be established (Glasgow et al. 1999).  The use of a knowledge 
translation framework to guide the interview schedule for qualitative research 
examining the needs of PwMS for PA information aims to bridge the gap between the 
research evidence, the information needs of people with MS, and the PA levels of 
people with MS.   
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Therefore the aim of this study is to investigate what pwMS want from a web based 
resource to encourage PA.  
Methods 
 
Ethical Approval 
Ethical approval was obtained from the Faculty of Education and Health Science 
Research Committee at the University of Limerick (UL). All participants gave 
informed consent prior to taking part.  
Study Design 
This study is qualitative in design using both semi-structured and focus group 
interviews.  
Development of the Interview Schedule- The RE-AIM Framework 
The interview schedule used in this study was developed using the ‘RE-AIM 
Framework’. (Glasgow et al. 1999) This theory-based interview schedule aimed to 
ensure that all aspects of knowledge translation would be considered in the data 
collection for this study. The definition of each of the components of the RE-AIM 
framework and the corresponding interview schedule can be found in Table 6.1.  
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RE-AIM 
Components and 
Definition 
Questioning Route 
Reach- The 
proportion of the 
target audience that 
will use the resources. 
Demographics, 
beliefs, when do they 
want the 
information/resources 
etc.? 
1) 1) Introduction of the Resource 
 Let’s start by everyone telling us how active they are 
at the moment? 
 How do you think physical activity would affect 
your MS, as well as your general health? 
 What do you think of the idea for the ‘Activity 
Matters’ project? 
 At what stage during the course of your MS 
would you find these resources beneficial? 
 When you think about when you were first 
diagnosed with MS, did you receive information 
about physical activity and MS? Was this 
information useful? 
 Overall, when you think about the many ways in 
which we can receive information about physical 
activity and MS, which ways are the most 
helpful? Which ways are the least helpful? 
2) The Newsletter 
 How can we ensure that the newsletter is 
not left on the bottom shelf of the coffee 
table? What would make you pick up the 
newsletter and read it? 
3) The Website 
 How can we ensure that you know about 
the website and the information that will 
be on it? 
 How would we let people know about the 
website? 
Table 6.1: Questioning Route and RE-AIM Framework 
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Effectiveness- What 
impact will the 
resources have on 
users- what do they 
want to know? The 
effectiveness can also 
be defined as, the 
success rate if the 
resources contain 
information that is 
also evidence based.  
1) 1) Introduction of the Resources 
 How do you think physical activity would affect 
your MS, as well as your general health? 
2) Content of the Resources 
 What would you like to find in these resources?  
 What do you think should be included? We had 
thought of the following things? Harms of 
inactivity, Benefits of exercise, Types of exercise, 
Overcoming barriers, Getting Started, Keeping 
going, Where can I find a class near me, research 
evidence etc.  
 What other things would you suggest? 
 Which things do you think is the most important? 
 When you think about sources (physiotherapist, 
peers, GP’s) from which you receive physical 
activity information, from whom do you find the 
most helpful or credible? What sources are the 
least helpful? 
3) The Newsletter 
 What information should be in the newsletter? 
4) The Website 
 What information should be on the website? 
Adoption- The 
proportion of people, 
settings, practices that 
will use the 
resources- how can 
we market it? 
2) 1) The Newsletter 
 How should we present these topics?  
 For example, 1) Interviews with PwMS,2) 
Interviews with leading experts, 3) Summaries of 
research studies, 4) What do the guidelines say 
about exercise?, etc.  
 What should the newsletter be composed of? 
Pictures, Text, A mixture of both?  
 What features would make it easier to use? What 
features would make it more difficult? 
 Are there any other formats that you would 
suggest?  
1) 2) The Website 
 How should we present topics of the website? 
i. For example, 1) Audio clips, 2) Video clips, 3) 
Text based, 4) Interviews, etc.  
ii. What features would make it easier to use? 
What features would make it more difficult? 
iii. Which of these features would you prefer? 
iv. Should the information be presented in the 1st 
person (I am someone with MS) or in the 3rd 
person (You are someone with MS you 
should….etc.) 
 Are there any other formats you would suggest? 
 What would the front page of the website need to 
look like in order for you to be interested? 
 
Table 6.1: Questioning Route and RE-AIM Framework 
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Implementation- 
The extent to which 
resources are 
implemented as 
intended to- how can 
we get people to use 
the resources? 
1) The Newsletter  
 How can we ensure that the newsletter is not left 
on the bottom shelf of the coffee table? What 
would make you pick up the newsletter and read 
it? 
2) The Website 
 What would make you use the website? How can 
we ensure that you know about the website and 
the information that will be on it? 
 How would we let people know about the 
website? 
 Having looked at the website, what will make you 
be more active? 
 
Maintenance- The 
Extent to which the 
resources are 
sustained over time- 
how can we get 
people to continue to 
use the resources over 
time? 
1) The Newsletter 
 How would the newsletter continue to support 
you keeping active? 
2) The Website 
 How would we continue to support you keeping 
active with the help of the website? 
Table 6.1: Questioning Route and RE-AIM Framework 
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Participants 
A sample of pwMS with a range of mobility and physical activity levels were invited 
to take part in this study by the research team. All interested participants were recruited 
to either focus groups or one-to-one interviews, depending on their availability. All 
participants were over 18 years of age and had a definite diagnosis of MS. Background 
demographic data was collected during recruitment. The Patient Determined Disease 
Steps (PDDS) was used to measure walking disability and disease status. The PDDS 
has been demonstrated to be valid and reliable among people with MS (Learmonth et 
al. 2013) and has been shown to be associated with the Expanded Disability Status 
Scale score (EDSS) (Learmonth et al. 2013). 
Representatives from MS Ireland acted as gatekeepers for recruitment of known 
participants. An information sheet was sent to three MS Ireland regional offices in 
Ireland. Interested applicants were advised to contact the researcher (BC) for further 
information. Recruitment ceased and focus groups were organised once the research 
team had recruited pwMS with a range of mobility and activity levels. Where a 
participant was unable to attend a focus group, a one to one phone interview was 
offered as an alternative to participation. Phone interviews, completed by either phone 
or skype, were chosen over face-to-face interviews primarily due to geographical 
location of participants and therefore logistics of the same.  
Focus Groups  
The focus groups were facilitated by BC or SC. Focus groups included between four 
and eight participants and lasted approximately 60 minutes in duration. An assistant 
moderator recorded group dynamics and summarised the main points after each 
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session. Sessions concluded with the assistant moderator summarising the main points. 
Participants were then able to make any additional comments if necessary. 
One to One Phone Interviews 
Interviews were done through Skype (audio only) or phone and lasted approximately 
45-60 minutes. The interview was recorded and notes were taken throughout by the 
researcher carrying out the interview. The interview concluded with the researcher 
summarising these key points. Similar to the focus groups, participants were then able 
to make any additional comments.  
 
Data Analysis 
Data was analysed using thematic analysis as outlined by Braun and Clarke, 2006 
(Braun and Clarke 2006). Thematic analysis was chosen as it is flexible in its approach 
whilst also providing a rich, detailed but yet complex account of any dataset (Braun 
and Clarke 2006). The six steps outlined by Braun and Clarke (2006), namely 
familiarisation with the data, generation of initial codes, searching for themes, 
reviewing themes, defining and naming themes, and producing a report were 
employed by the authors during the analysis.  
In step 1, data were transcribed verbatim and transferred into NVivo10. Errors were 
checked within each transcript against the tape recording and transcripts were read 
several times and initial ideas were noted. The second step involved the generation of 
initial codes. Preliminary codes were drawn from keywords and phrases related to the 
research question and from discussions between two authors (BC and SC). To promote 
rigour, each author (BC and SC) read and re-read three transcripts, from which they 
devised the coding list which was compared, discussed and finalised. An analytical 
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memo was taken to document key decisions and allow discussions in order to enhance 
trustworthiness (Sandelowski 2000) and overcome any disagreements. In the third 
step, authors searched for themes within the data. All text was coded (by BC only) 
then codes were checked for consistency amongst discussions with the authors (SC 
and SH), and the data was coded three times. Similar codes were grouped together into 
subthemes, which were then examined to identify how these might form main themes. 
In step 4, themes that were identified from clustering of subthemes from grouped 
codes in step 3 were reviewed. The author checked that themes worked in relation to 
both the coded extracts and the entire data set. The fifth step included the author then 
defining and naming these themes in which development of a diagram to represent the 
themes also occurred. Step 6, the final step, involved selecting quotes from the raw 
data to best capture themes and subthemes for which the author could write-up the 
results for the purpose of an academic paper. Reflexivity was promoted by taking field 
notes during data collection and throughout the analytical process to track opinions 
and beliefs regarding the data (Sandelowski 2000).  
Results 
 
Three focus groups (n= 22) and 11 semi-structured interviews were conducted with a 
total of 33 participants. The sample was predominately female (n=20) over the age of 
30 and had a mean score on the PDDS of 3.09 (SD 2.04). Their demographic details 
are presented in table 6.2.  
The findings of the analysed data are presented in figure 6.1. Four themes arose from 
the data. These themes and a selection of quotes to illustrate these themes are presented 
in the next four sections. Of note, the use of numbers within these results is contextual 
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and reader inferences should be based on the descriptive analysis rather than the 
supporting numbers.  
Participant 
Number 
Age Range Sex PDDS Score 
1 50-59 Male 5 
2 30-39 Female 0 
3 50-59 Female 5 
4 50-59 Female 1 
5 40-49 Female 1 
6 30-39 Male 3 
7 40-49 Male 7 
8 50-59 Male 1 
9 40-49 Male 1 
10 30-39 Female 7 
11 40-49 Female 0 
12 60-69 Female 6 
13 60-69 Female 5 
14 70-79 Female 4 
15 50-59 Female 4 
16 60-69 Male 7 
17 40-49 Male 1 
18 60-69 Female 4 
19 30-39 Female 1 
20 60-69 Female 7 
21 50-59 Female 3 
22 50-59 Male 6 
23 50-59 Male 3 
24 30-39 Male 4 
25 50-59 Female 0 
26 30-39 Male 3 
27 60-69 Male 4 
28 30-39 Male 0 
29 30-39 Female 0 
30 40-49 Female 0 
31 50-59 Female 3 
32 40-49 Female 4 
33 40-49 Female 2 
 
Table 6.2: Participant Demographics 
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Figure 6.1: What People Want from a Web-based Resource.  
 
Theme 1: Content-important information to include 
This theme represents the information needs participants perceived to be important to 
include in the web resource. Sub themes of the data included, the benefits of exercise, 
the varying types/options of exercise and knowledge regarding the current research 
evidence for exercise and MS.  
Benefits of exercise 
Participants illustrated the importance of knowing the benefits of exercise and being 
physically active. They discussed the need to spread the message that exercise is 
beneficial whilst also highlighting that seeing the benefits yourself can motivate one 
to become and/or stay physically active.  
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All participants who discussed their beliefs about exercise (n=17) conveyed a positive 
belief that exercise is beneficial both physically and psychologically.  
“I think it’s great for both physical and psychological point of view.  I find sitting 
around the house, I get a bit, I don’t know, get a bit down or whatever.  But if I’m 
out, if I go out walking, it totally wakes me up and gets me into good form.  And it 
also helps my legs getting less stiff”.- P7 
Participants conveyed that an explanation of the benefits, was “vital” information to 
include on the website to “basically get the message out to stay active”. 
“Telling people the benefits of activity….benefits of activity could be one tab”- P1 
When the topic of motivation to start exercising was discussed during the interviews, 
a trend was seen in participant’s responses. Participants (n=20) believed that the 
“starting point” to motivating someone to begin to be active, was knowing the diverse 
benefits, from physical to social.  
“Well my starting point would be the benefits of exercise. So be it on their (pwMS) 
physical wellbeing, their mental wellbeing, from the social aspect of it”- P2. 
The link between motivation and knowledge of the benefits of PA was also 
demonstrated in the data when participants discussed the maintenance of being 
physically active in the long-term. Participants (n=23) believed that by seeing the 
benefits of being active, be it from themselves or other PwMS, it would be easier to 
continue to be active in the long-term. 
“I think that’s one of the things people like seeing….the benefits of exercise” – P5 
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Types of Exercise 
Displaying information on the different options of exercises that pwMS can take part 
in appears to be important for those interviewed with regards the content of the web 
resource. 
“There are loads of different exercises, you could have those listed….”- P7 
The variability in MS symptoms and how they inform exercise type was an important 
factor that was also highlighted by participants (n=18). 
“I suppose what I would be saying when it comes to people with MS and exercise is 
just very very carefully try different types of exercise in order to see what suits you”- 
P2 
The types of exercises discussed by participants included, yoga, pilates, cycling, 
swimming, walking, jogging, physio and tai-chi.  
“Everything from yoga to Tai Chi and whatever, walking and that kind of thing, 
jogging”- P10. 
Research Evidence 
Many participants (n=21) responded positively when asked if research evidence 
should be included on the web resource. 
The ideal of research evidence being the deliverer of “good news” and thus motivating 
one to be active was felt by ten participants. Participants suggested that if research 
showed that exercise is beneficial, then they would be motivated to become more 
active. 
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“Anything that’s good news I suppose.  Anything that would kind of encourage me to 
do even more exercise again, you know.  And to hear someone to encourage me to do 
more would be good, yeah”- P 15. 
The idea that the research content on the web resource is to be kept simple and that 
there is not “excessive pages” of information was supported by a third of participants 
(n=11). 
“Probably simple enough and maybe with like, say, you put a website on it if 
somebody wants to get more detail”- P18. 
Theme 2: Presentation- varying format, different abilities 
This theme underpins the participants’ perspectives with regard to the format of the 
information and its relevance to different abilities. Subthemes that emerged from the 
data include the inclusion of videos of exercises and stratifying information by 
mobility and physical activity level. 
Videos of exercises 
Participants (n=24) expressed a desire to see videos of exercises on the web resource.  
“Yes, [videos] would be a good idea, video clips of actual people doing the exercises 
to show how it’s done properly” – P4. 
Participants agreed (n=17) that the videos should contain primarily pwMs. Although 
some participants (n=7) did think that a professional exercise instructor might be of 
benefit in the clip, a mixture of both an instructor and pwMS was preferred in this 
case. Seeing other pwMS in the clips was important for participants.  
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“They should be of people, now, some people say a professional maybe a 
physiotherapist or whoever but equally there should be some mix there of either 
some people with MS” -  P17. 
Findings suggested that if the web resource contains video clips of exercises, these 
clips should be simple and be short in duration.  
“I would be looking for short snappy exercises then as we suggested that you might 
see somebody doing the exercises, but they were simple not too many of them and 
whatever”.- P16. 
 
Stratification of information 
Participants suggested that information on the web-based resource should be stratified 
by either/both 1) Mobility Level and/or 2) Activity Level. Mobility level was more 
frequently talked about than activity level. 
Twenty seven participants discussed the idea of stratifying the content of the resource 
by mobility level. In particular, this idea was associated with the format of the video 
clips.  
“And even on the website, if you have people in a wheelchair doing exercises that 
are manageable in a wheelchair, on a video clip, that would help those that are in 
wheelchairs then and encourage them to do some” – P4 
Another feature on the resource which participants felt might need to be stratified was 
the content on types of exercises. This participant describes how altering the position 
you exercise in may help (i.e sitting or standing).  
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“You might have a sitting section and a standing section and a lying down section”- 
P5. 
Although only mentioned by a few participants (n=6), the idea that content may be 
stratified by activity level (i.e pwMS who are physically active compared to those 
currently physically inactive) was spoken about intensively. These six interview 
participants spoke with specific emphasis about the inclusion of this aspect of 
stratification in an aim to highlight that not all pwMS who use the resource will be 
initially physically active or fit. The emphasis on this stratification was displayed 
through participants talking louder and some getting emotional.  
“Well you could just maybe have another tab for, how could you say it, you could 
have a section for advice for those who are maybe less physically active, or less 
physically able”- P9 
Theme 3: Interactivity- Building a sense of community. 
This theme describes how the proposed content and layout of the web resource 
interacts with the user. The web is an interactive tool and this theme discusses those 
interactive features that participants of this study desired the most.  
Sense of Community 
Participants (n=24) explained how the web resource might build a sense of community 
and peer support amongst users. Also, for those not actively involved in their local or 
regional MS Society’s, that the website could act as a bridge to contact other pwMS.  
“ So it would be nice to find out if there was someone in or around my own age that 
[is] equally interested in exercise and being able to link to a members area but I 
don't really know enough about how they work”- P2. 
183 
 
 
Success Stories 
The idea of having success stories of pwMS who achieved a goal, however big or 
small, related to exercise and being active was mentioned by seventeen participants.  
“Show what people have overcome….I suppose giving people examples of maybe 
case studies of people who work….how they've turned that around ummm and how 
they set goals themselves”. P- 14. 
 
An important point that participants got across regarding success stories, is that they 
are realistic. According to participants, if they are realistic, it is more likely to motivate 
you to be or stay active yourself.  
“Somebody who had specifically improved right, even a little bit, that there was 
someone who they could say, I can, I can credit doing a bit of exercise with 
this….Never going to run a marathon but I can now run a half or I can walk or I can 
do this or I can do that.” P- 1. 
Other participants individually discussed the content and format of the desired 
“success stories”. The person in the success story does not necessarily have to have 
achieved a big goal (i.e “run a marathon”), goals can be smaller and more relevant to 
pwMS, allowing them to connect with the success story.  
Of note, the topic of success stories was mentioned when all participants were 
questioned regarding motivation to get started and to keep going with being active.  
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Recording Progress 
Participants (n=14) suggested using the website in an interactive way to log or record 
their own exercise progress in order to keep them motivated once active. 
“There could be like suggestions for the person as well or for obviously everyone 
and briefly kind of say you know ‘what did you do this week?’ and the person can 
say ‘Oh I swam twice, I walked three times’ –P21 
Reminders  
Using a reminder system in an interactive way through the web resource was suggested 
by participants (n=15). This topic was suggested when participants were questioned 
about motivation to “keep going” once they had started to be active. 
“if it [one’s exercises] was on a website and you could just click on the website and 
say, oh, yes, that's it. I could do a few of them. So it's just basically a reminder, 
because it’s very hard to remember to do these things.” –P4. 
Email was the preferred method of delivery of a reminder as stated by eleven 
participants. 
“Email would be cheaper obviously but yeah, yeah that would be a very good idea.  
A very good idea.” P- 19. 
 
Theme 4: Reach the Audience  - let people know 
This theme explains how the website will reach the target audience i.e. pwMS. 
Subthemes include the use of social media and the current MS Ireland structures. 
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Finally, the timing of when, in one’s MS disease course, this resource might be 
warranted is illustrated.  
Social Media 
Participants (n=28) suggested the use of social media as a means of advertising the 
finalised website as a product. Facebook was the primary mentioned site. 
“Going down the road of a Facebook thing….you can't go wrong with it” P- 17. 
MS Ireland Communication Structures 
The current MS Ireland communication structures were mentioned by thirty 
participants as a way to tell PwMS about the new web resource. The two structures 
within the MS Ireland Society that might be targeted are the current Society’s website 
and the local regions.  
“Well you got the MS Society their website, if you had a link directly into 
them….You have something that if you could have it linked even on the first page 
there something about it (the new resource)”. P- 3. 
Participants suggested that a link to the new web resource should be on the first page 
of the MS Ireland website. The idea of the local branches and regions of MS Ireland 
writing to it’s members was also mentioned by participants (n=19). 
“a good idea, probably, would be to get every branch, once the website is set up, get 
every branch to write out to all their members and say this website is well worth 
looking at, you know” P- 13. 
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Timing of the Resource 
The variability of this data suggests that it is important to consider all stages of the MS 
disease course, whether you have just been diagnosed or are at the later stages of MS, 
when it comes to marketing the website. 
“I would see it as, kind of, it should always be there”. P-6. 
Participants (n=13) believed the resource would be particularly useful for those newly 
diagnosed,  
“Those that are newly diagnosed, probably, it's a good idea to get them introduced 
to exercise as soon as possible rather than wait until they're ten years and 20 years 
on” P-16. 
In contrast, others conveyed how the resource might also work for those at a later stage 
in their MS disease course, stating it’s never too late to start.  
“think it would be a good resource to let people know, it is never too late to start”-
P-1. 
Discussion 
 
The primary aim of this study was to investigate what pwMS want from a web based 
resource to encourage PA. The findings of this study demonstrated that participants 
believed the web resource to be a good idea and suggested that the content of resource 
should include a focus on the knowledge of the benefits of being physically active 
whilst also illustrating the types of exercise in which pwMS could participate in. 
Ensuring information was stratified by mobility level and that the resource was 
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interactive, portraying a ‘Sense of Community’ and use of success stories, was also 
suggested by participants.  
Participants of this study perceived the web resource to be a good idea for enabling 
pwMS to become more physically active. Current literature surrounding the 
information needs of pwMS support this finding. Sweet et al(Sweet et al. 2013) 
conducted a qualitative study among pwMS and results highlighted that pwMS want 
to know more information about PA and that the preferred method of delivery would 
be the internet. Wardell et al (Wardell et al. 2009) had similar findings, suggesting up 
to 89% of pwMS want to find information about maintaining a healthy lifestyle online. 
Additionally, a large survey conducted by the National MS Society in the USA 
concluded that up to 93% of pwMS use the internet and this can be compared to 75% 
in a healthy population (Wardell et al. 2009).  Therefore we can conclude that the web 
is likely to be a useful method of delivery for a resource that aims to encourage 
physical activity.  
The need for knowledge of the benefits of being active was a clear finding in this 
study. Participants spoke about the link between knowing the benefits of being active 
and the motivation to begin to be active. The discussion among participants in this 
study is reflected in the health behaviour change literature. Both the Social Cognitive 
Theory (SCT) (Bandura 1986) and the Health Action Process Approach (HAPA) 
(Schwarzer 1992) support this link. Bandura (2004) and the SCT, state that “If people 
lack knowledge about how their lifestyle habits affect their health, they have little 
reason to put themselves through the travail of changing the detrimental habits they 
enjoy”. Whilst the HAPA, suggests that positive outcome expectations (e.g. if I 
exercise my fatigue might decrease) are chiefly important in the motivational phase of 
changing behaviour. 
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However, it must be noted that having an intention to change behaviour does not 
directly mean one will enter the volitional phase of changing that behaviour as 
described in the HAPA model. Further work to define physical activity behaviour of 
pwMS and to understand the correlates, predictors, facilitators and barriers is required 
before a resource to change PA behaviour can be developed. .  
Studies suggest that information on the benefits of exercise in MS is lacking and that 
pwMS want more information regarding physical activity in order to become more 
active (Hepworth and Harrison 2004). This finding is supported by the findings of 
Asano (Asano et al. 2013) who reported that of the 30% men and 40% women with 
MS who were considered physically inactive; 38% men and 37% women reported that 
they were lacking information on what to do to become more physically active. The 
SCT and HAPA suggest that knowledge of the benefits of being active is one part of 
behaviour change .This may explain why despite wanting to know information about 
being physically active, pwMS are generally inactive (Turner et al. 2009). Including 
content on the benefits of being active for pwMS is a must for a web resource that 
aims to change physical activity behaviour and this is supported by Michies taxonomy 
of behaviour change techniques for physical activity (Michie et al. 2011).  
A variety of exercise types were mentioned throughout the data and people indicated 
that they wanted a range of options for suitable exercise. This is consistent with the 
findings of Hale and colleagues (Hale et al. 2012) who suggest that people want to be 
able to choose what exercise they do and have the support and expertise of 
physiotherapists in doing so. Additionally this data suggests that participants would 
like information that was stratified, largely by mobility level. This finding, again, is 
similar to that of Smith et al(Smith et al. 2013) who discussed the importance of the 
capabilities of a person when participating in PA.  In order to match the needs of 
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pwMS, a web resource to encourage PA will need to include a variety of exercise types 
and information on the resource should be stratified by mobility level.  
Participants highlighted a need for the web resource to capture a sense of community. 
One example of how this could be achieved is through the use of success stories which 
in turn may act as the driver for the motivation to begin to be physically active. The 
use of success stories in such a way is often described as observational learning, a 
technique that has also been suggested to be successful to increase PA levels in a 
healthy population via the web (Carr et al. 2013). SCT suggests that if we are to change 
health behaviours, that the change is affected by the outcomes people expect the 
behaviour to produce (Bandura 2004). If a web resource aims to enable pwMS to 
become more physically active, it is important that the resource has examples of other 
pwMS being physically active and promotes the success of such a behaviour.  
To conclude, focusing on interactivity, participants discussed the idea of recording 
progress and the benefits of the same. Motl et al (2011) included a goal-setting and 
self-evaluation component into their internet intervention. This resulted in a 
significant improvement in PA levels in the internet group when compared to a control 
group in pwMS suggesting that recording progress has been successful when 
combined with other internet features to enhance PA levels in a MS population. 
Limitations 
The participants in this study were largely active and independently mobile and 
therefore may not be representative of the target of the web resource. Future research 
should include the views of those with greater mobility limitations and with a variety 
of activity levels. However, as with all qualitative research the aim is to improve 
understanding and not generalizability(Marshall 1996).  
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Conclusion 
 
The idea of developing a web based resource to encourage PA was well-accepted by 
this sample of pwMS. The content of resource should include a focus on the 
knowledge of the benefits of being active whilst also illustrating the types of exercise 
pwMS can participate in. Ensuring information on the web is stratified by mobility 
level and that the resource is interactive, portraying a ‘Sense of Community’ and use 
of success stories, is also warranted if the resource is to be successful.  
In summary, web resources can help translate new research on benefits of being active 
to practice in this population. Future work will include the development of the 
‘Activity Matters’ project, a web resource that aims to enable pwMS to become more 
active. This resource will address the needs of the pwMS as represented by this sample.  
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Abstract 
 
 
Background: Increasing physical activity (PA) through exercise is associated with 
improvements in many of the symptoms associated with Multiple Sclerosis (MS) such 
as fatigue, strength, balance and mobility. Despite this, people with MS remain largely 
inactive. Interventions that are grounded in theory and that aim to change PA 
behaviour need to be developed.  
Purpose: To describe the development process of a web-based resource to enable 
people with MS to become more active, namely, ‘Activity Matters’.   
Methods: Development of the ‘Activity Matters’ online intervention was guided by 
the UK’s Medical Research Council (MRC) framework for the development and 
evaluation of complex interventions and the Behaviour Change Wheel (BCW). 
Seven sources of data were used to inform the process and were mapped on to both 
the MRC and BCW frameworks.  
Results: The intervention is theoretically based, and constructs including knowledge, 
memory, attention and decision processes, skills, social influences, environmental 
context and resources, beliefs about capabilities, beliefs about consequences, goals 
and emotions were recognised as important. 
Conclusions: ‘Activity Matters’ is the first MS PA intervention to be developed using 
the theoretical approach outlined by the BCW and MRC Complex Interventions 
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frameworks. The next phase of this work is to test the usability, acceptability and 
preliminary effectiveness of ‘Activity Matters’ among people with MS.  
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Introduction 
 
Multiple Sclerosis (MS) is a chronic disease of the central nervous system (CNS) that 
is associated with demyelination, inflammation and axonal degeneration (Trapp and 
Nave 2008). There are over 400,000 people living with MS in the United States and 
approximately 2.1 million worldwide (Dilokthornsakul et al. 2016). The estimated 
annual economic cost to the United States is 28 billion dollars with reported annual 
costs per person between 18,000 and 39,000 dollars (Ma et al. 2014). The disease is 
characterised by cognitive and ambulatory dysfunction, fatigue, depression, pain, 
deconditioning, and compromised quality of life (QOL) (Lublin 2005).  
A growing body of evidence has shown that increasing physical activity (PA) through 
exercise is associated with improvements in many of these symptoms (Kjølhede et al. 
2012, Pilutti et al. 2013, Gunn et al. 2015, Snook et al. 2009, Motl and Gosney 2007). 
Despite this, people with MS remain largely inactive, even more than their healthy 
counterparts (Kinnett-Hopkins et al. 2017). And, whilst behavioural interventions 
have successfully changed PA levels among pwMS in the short-medium term (up to 6 
months), there is no evidence for any long-term (up to 12 months) change (Sangelaji 
et al. 2016). It is has been suggested these sub-optimal effects are due to a lack of 
theoretical consideration at the development stages of these behavioural interventions 
(Michie et al. 2005) and evidence has shown that only few MS PA interventions have 
used theory (Sangelaji et al. 2016). Those that have, used the Social Cognitive Theory 
(SCT) (Dlugonski et al. 2012) (Motl et al. 2011) (Pilutti et al. 2014) and the 
TransTheorestical Model (TTM) (Carter et al. 2014). However, how intervention 
developers have used these theories to describe the development of MS PA 
interventions has not been well described.  This continues to pose a challenge for 
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researchers. If interventions do not describe how they used theory from the beginning 
then those interventions cannot be used to inform future design as the effective 
components and how change came about within an intervention cannot be identified.  
A framework proposed by The Medical Research Council (MRC) for the 
Development and Evaluation of Complex Interventions emphasises the importance of 
theory in intervention development (Craig et al. 2008).  However, the MRC complex 
interventions framework does not provide researchers with suggestions for the most 
appropriate theory to use for the behaviour in question. Given the large pool of 
behavioural models that exist, this has proven a challenge for intervention developers 
but fortunately this gap has been addressed with the development of the Behaviour 
Change Wheel (BCW) (Michie et al. 2011). The BCW (figure 7.1) provides a detailed 
framework for the development of behavioural interventions through the stages 
outlined in the MRC complex interventions framework. The stages and steps of both 
frameworks have been previously mapped together (Sinnott et al. 2015) and this is 
outlined in table 7.1. 
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Figure 7.1: The Behaviour Change Wheel (Michie et al 2011) 
  
Table 7.1: Mapping the steps of the Behaviour Change Wheel (BCW) to the three 
stages of the Medical Research Council (MRC) framework (Sinnot et al 2015) 
MRC Development 
Stage 
BCW Steps BCW Stages 
1. Identify the Evidence 
Base 
 
 
 
 
 
 
2. Identify/Develop 
theory 
 
 
 
 
 
3.Model process and 
ouctomes 
1. Define the problem in 
behavioural terms 
 
2. Select the target behaviour 
 
3. Specify the target behaviour 
 
4. Identify what needs to change 
 
5. Identify appropiate intervention 
functions 
 
6. Identifying policy categories 
 
7. Identifying behavioural change 
techniques 
 
8. Determine the mode of delivery 
1. Understand the 
behaviour 
 
 
 
 
 
 
2. Identify intervention 
options 
 
 
 
 
 
3. Identify content and 
implementation 
options. 
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At the core of the BCW is the COM-B model in which behaviour change is 
conceptualised by requiring a shift in a person’s capability (C), opportunity (O) and 
motivation (M). Capability can be physical or psychological, opportunity can be 
physical or social and motivation can be reflective or automatic. These subdivisions 
can be further broken down into 14 theoretical domains, specified by the Theoretical 
Domains Framework (TDF)(Cane et al. 2012). The TDF is an amalgamation of 28 
theoretical constructs from 33 theories of behaviour change.  The COM-B model and 
TDF further guide the choice of 9 potential intervention functions; education, 
persuasion, incentivisation, coercion, training, enablement, modelling, environmental 
restructuring and restrictions. These intervention functions are in turn linked to a 
taxonomy of 93 behaviour change techniques (BCTs)(Michie et al. 2013) which are 
the active components of an intervention that are designed to change behaviour 
(Michie et al. 2011). The structured approach of the BCW provides transparency to 
intervention developers.  
The BCW has been used to develop interventions that were acceptable and effective 
in changing varying behaviours including medication management, smoking cessation 
and condom use, amongst others (Webster and Bailey 2013, Sinnott et al. 2015, Fulton 
et al. 2016). To the author’s knowledge, there are no reports of a MS PA intervention 
that has been developed using the BCW process. This paper will describe the 
development of an intervention to change PA behaviour among people with MS using 
the steps of the MRC complex interventions framework and BCW. The intervention 
is named ‘Activity Matters’ and aims to develop a web-based resource to enhance PA 
behaviour among people with MS.  
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Aims 
To describe the theory underpinning the development process of the ‘Activity Matters’ 
web resource to enable people with MS to become more physically active using the 
MRC complex interventions framework and the BCW.  
Methods 
 
Seven sources of data were used to inform the development of ‘Activity Matters’. Five 
of these sources were research papers conducted by the authors. These included three 
systematic reviews and two original research studies. The additional two data sources 
were papers by MS PA research groups from North America and Europe. These 
included two systematic reviews.  The 7 data sources are highlighted in Table 7.2 and 
their methodology is published elsewhere.  
This study uses both the MRC complex interventions framework and the BCW to 
guide the analysis and synthesis of the 7 data sources (see Table 7.1).  
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 Data Source Title Study Design Research Aim(s) 
1 Objective Physical Activity Levels Among People with Multiple 
Sclerosis- A Meta-Analysis. (Casey et al 2017- under review) 
Meta-Analysis 1) To quantify physical activity (PA) levels 
in people with MS using objective 
measurement only.  
 
2) To establish using a meta-analytical 
approach if people with MS are less 
physically active than a general population 
sample. 
2 Changing Physical Activity Behaviour in People with Multiple 
Sclerosis: A Systematic Review and Meta-Analysis of Randomised 
Control Trials. (Casey et al 2017- accepted for publication) 
Systematic Review and 
Meta-Analysis 
1) To examine the totality of the evidence on 
the effectiveness of behavioural interventions 
on PA behaviour in people with MS. 
 
2) To use the Theory Coding Scheme and 
establish how/if current PA behavioural 
interventions use theory.   
 
3) To identify, using a behaviour change 
technique (BCT) taxonomy, what BCTs are 
employed in the identified interventions to 
change PA behaviour in people with MS. 
3 What Do People with MS Want From A Web-Based Resource to 
Encourage Increased Physical Activity Behaviour? (Casey et al. 2016) 
 
Qualitative    
Semi-Structured 
Interviews and Focus 
Groups 
1) To investigate what people with pwMS 
want from a web based resource that 
encourages PA. 
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Table 7.2 Summary of included Data Sources  
4 Modifiable Psychosocial Constructs Associated with Physical Activity 
Participation in People with Multiple Sclerosis: A Meta-
Analysis.(Casey et al. 2017b)   
 
Meta-Analysis 1) To synthesise current knowledge of the 
modifiable psychosocial constructs 
associated with PA participation in people 
with MS 
5 Do Multiple Sclerosis Symptoms Moderate the Relationship Between 
Self-Efficacy and Physical Activity in People with Multiple Sclerosis? 
(Casey et al 2017-accepted) 
 
Quantitative 
Correlations  
and Moderation  
1) To investigate the bivariate correlations 
between objective PA, self-efficacy and a 
range of MS symptom measures.  
 
2) To determine if any MS symptom 
measures moderate the relationship between 
self-efficacy and PA. 
6 Systematic Review of Correlates and Determinants of Physical Activity 
in Persons with Multiple Sclerosis.(Streber et al. 2016)  
 
Systematic Review 1) To review the current evidence regarding 
correlates and determinants of PA in people 
with MS.  
7 Physical activity and exercise training in multiple sclerosis: a review 
and content analysis of qualitative research identifying perceived 
determinants and consequences.(Learmonth and Motl 2016)  
Qualitative  
Meta-Synthesis 
1) To provide rich and deep evidence of the 
perceived determinants and consequences of 
physical activity and exercise based on 
qualitative research in MS.  
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MRC Development Stage 1- Identify the Evidence Base 
Data source 1 was used for this stage and included steps 1-3 from the BCW (Table 
7.1).  
A meta-analysis of objective physical activity levels among people with MS was 
conducted to define the problem (BCW step 1) of physical inactivity in this population 
and therefore a need for a resource such as ‘Activity Matters’. The results of this 
review will also allow specification of the target behaviour and target population 
(BCW step 2 and 3). With regards sepcifying the target behaviour and population  
(BCW step 2 and 3), there is little evidence on the ‘ideal’ objective PA measurement 
output for people with MS and no cut-off points exist. Given these discrepancies in 
the measurement of PA among people with MS, it is suggested by the research team 
that the specified behaviour for ‘Activity Matters’ is any increase in an objective 
measure of PA, simply moving more (increased steps per day, increased MVPA per 
day, etc.). The specified population of people with MS is those who are ambulatory, 
with/without use of an aid due to the limited PA literature among those with higher 
disability. 
MRC Development Stage 2- Identify/Develop Theory  
Data sources 2-7 (Casey et al. 2016, Casey et al. 2017b, Streber et al. 2016, Learmonth 
and Motl 2016)   were used for this stage and included steps 4-6 from the BCW.  
Six data sources aimed to understand PA behaviour among people with MS and 
identify what needs to change (BCW step 4). These sources included qualitative (n=2 
sources) and quantatative (n=4 sources) methodologies. Four sources were conducted 
by the authors whilst the other two soures were known qualiative (Learmonth and Motl 
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2016) and quanatative (Streber et al. 2016) reviews in the MS field.  The sources 
included data on previous PA interventions, data on correlates and determinants of 
PA, data on barriers and facilitators of PA and data on the role of MS symptoms on 
PA behaviour among people with MS.  
In order to identify important intervention functions (BCW step 5) for ‘Activity 
Matters’, relevant results from the 6 data sources (BCW step 4) were extracted. Results 
were extracted if they added to understanding PA behaviour among pwMS and were 
modifiable within interventions. Additionally, results reported in systematic reviews 
must have been examined in three or more studies to meet inlcusion for extraction.  
Extracted results were then mapped on to the COM-B and Theorectical Domains 
Framework (TDF)(Cane et al. 2012). Once domains from the TDF were selected for 
the results, intervention functions were then identified by reviewing the possibilities 
for each domain as defined in the BCW guide(Michie et al. 2011).  If more than one 
intervention function was linked to each domain, we used the affordability, 
practicality, effectivness, acceptability, side effects/safety and equity (APEASE) 
criteria to choose relevant intervention functions for ‘Activity Matters’(Michie et al. 
2015). The APEASE criteria acknowledges that behaviour change interventions 
operate within a social context, and that although effectiveness is the primary focus of 
interventions it is clearly important to consider other contextual factors(Michie et al. 
2015). 
MRC Development Stage 3- Model Process and Outcomes 
This stage includes BCW steps 7 and 8.  
207 
 
 
Using the BCW guide (Michie et al. 2011), potential BCTs were identified from the 
chosen intervention functions from Stage 2. These BCTs were reviewed with the 
APEASE criteria and through discussions amongst the research team (BC, SC, MB). 
The selected BCTs were then translated into website functions which matched the 
qualitative needs of people with MS for a web-based PA resource (Casey et al. 2016). 
The mode of delivery was chosen as the internet. When developing a successful 
intervention, one must ensure it is delivered in a medium that matches the interest and 
usage profile of the target population (Dlugonski et al. 2011). Evidence suggests that 
the preferred method of delivering PA information to people with MS is via the 
internet (Wardell et al. 2009). Recent evidence suggests that accessibility to the web 
is not an issue for people with MS and that over 90% of ambulatory people with MS 
have access to a smartphone which they believe has potential to benefit healthcare 
information. This evidence supports the use of the internet as the preferred medium 
for ‘Activity Matters’.  
Results 
 
MRC Development Stage 1- Identify the Evidence Base 
The systematic review on objective PA levels among people with MS resulted in 32 
papers (data source 1). There was a total of 3,762 people with MS included, the sample 
was largely female (n=3118, 82.8%) and ambulatory with/without use of an aid. Meta-
analysis indicated statistically significant differences between the MS and general 
population samples with respect to PA outputs of 1) steps per day [mean difference: -
3845 (-4120.17,-3569.83), p<0.0001], 2) activity counts per day [mean difference: -
91377.69 (-103827.8,-78927.54), p<0.0001] and 3) minutes of MVPA per day [mean 
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difference: 8.95 (-12.52, -5.38), p<0.0001], indicating pwMS are less physically active 
than the general population sample, who themselves were physically inactive.  
MRC Development Stage 2- Identify/Develop Theory  
The relevant results from data sources 2-7 are outlined in Table 7.3. These findings 
are mapped on to the COM-B and TDF. TDF domains of knowledge, memory, 
attention and decision processes, skills, social influences, environmental context and 
resources, beliefs about capabilities, beliefs about consequences, goals and emotion 
were highlighted as important from our data. Results were then mapped on to 
intervention functions. Intervention functions chosen to be used in ‘Activity Matters’ 
included, education, enablement, environmental- restructuring, persausion and 
incentivisation.  
MRC Development Stage 3- Model Process and Outcomes 
Proposed BCTs were matched to the intervention functions (see Table 7.3).  The final 
list of BCTs employed in ‘Activity Matters’ is outlined in Table 4 along with the 
website functions. Not all proposed BCTs were included in the final list of BCTs after 
using the APEASE criteria and results of the original qualitative data source (Casey et 
al. 2016).  
Using the information in Table 7.4, the authors have developed an outline of the 
proposed ‘Activity Matters’ intervention. This is illustrated in Table 7.5.  The 
intervention is 12 weeks in duration and aims to increase objective PA levels among 
ambulatory people with MS. Outcome measurements will be taken at baseline, post-
intervention, 6 months and 12 months. These will include but are not yet limited to, 
objective PA meausurment, exercise self-efficacy, goal-setting, social support, 
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fatigue, depression and anxiety and a range of symptom outcomes. The intervention 
will use a web-based learning management system. It will include 11 structured 
modules and 4 phone-calls with a facilitator whilst also incorporating a designated 
social media page to enhance social support. Participants will also receive booster 
phonecalls after the 12 week programme, once monthly for 3 months. The content of 
the modules, phone-calls and social media page will be based upon the findings in 
Table 7.4.  
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COM-B Component TDF Domain Results Intervention 
Function 
Proposed Behaviour 
Change Techniques 
Capability   
 
Psychological 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Physical 
Knowledge   Conflicting advice from 
healthcare professionals 
(Source 7) 
 Knowledge of benefits of 
exercise required to enable 
behaviour (Source 3) 
 Knowledge of research 
evidence required to enable 
behaviour (Source 3) 
 Knowledge of the types of 
exercises for varying 
physical activity and 
mobility levels (Source 3) 
Education 
 
 Information about 
health consequences 
 Information about 
social and 
environmental 
consequences 
 Information about 
emotional 
consequences 
 Vicarious 
consequences 
 Credible source.  
Memory, attention 
and decision 
processes 
 Fatigue as a barrier to 
PA/exercise (Source 7) 
Education  Information about 
health consequences 
Information about 
emotional 
consequences 
 Vicarious 
consequences 
Skills  Appropriate exercises need 
to be for physical activity 
level and mobility level need 
to be provided (Source 3 and 
7) 
Enablement  Problem solving 
 Graded tasks 
 Action Planning 
 Goal setting 
(behaviour) 
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 Review behavioural 
goal 
 Focus on past success 
Opportunity  
       
   
 
 
 
 
 
 
 
     
                 
Motivation 
Social 
 
 
 
 
Physical 
 
 
 
 
 
 
 
 
 
 
 
 
Reflective 
 
 
 
 
 
Social Influences  Peer support as a facilitator 
to exercise/PA (Source 3 and 
7) 
Environmental- 
Restructuring 
 
 Restructuring the 
social environment 
Environmental 
context and 
resources 
 No accessibility or disability 
facilities act as barriers to 
exercise/PA (Source 7) 
 Exercise modality choice 
facilitator to exercise/PA 
(Source 3 and 7) 
Enablement  Action planning 
 Problem solving 
 Goal-setting 
(behaviour) 
 Review behavioural 
goals 
 Focus on past success 
Beliefs about 
capabilities 
 Self-efficacy has a 
moderately strong 
association with PA (Source 
4 and 6) 
Enablement 
Persuasion 
 Verbal persuasion 
about capability 
 Mental rehearsal of 
successful 
performance 
 Focus on past success 
 Self-talk 
Beliefs about 
consequences 
 Outcome expectancies has a 
moderate association with 
PA (Source 4) 
Education 
 
 Information about 
health consequences 
 Information about 
social and 
environmental 
consequences 
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Table 7.3 Mapping of results from data sources on to the COM-B and TDF with appropriate intervention functions and proposed BCTs highlighted. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Automatic 
 
 
  
 Information about 
emotional 
consequences 
Goals  Goal-setting has mediated 
change in PA in previous 
interventions (Source 2) 
 Goal-setting has a 
moderately strong 
association with PA (Source 
4 and 6) 
Enablement  Goal-setting 
(behaviour) 
 Goal-setting 
(outcome) 
 Action planning 
 Review behavioural 
goals 
 Review outcome 
goals 
Emotion  Fear/apprehension as a 
barrier to exercise/PA 
(Source 7) 
 Feelings of accomplishment 
(Source 7) 
 Anxiety/depression/fatigue 
triad has associations with 
exercise self-efficacy (Source 
5) 
Incentivisation 
Enablement 
 Social support 
(unspecified/practical) 
 Reduce negative 
emotions 
 Action planning 
 Problem solving 
 Social incentive 
 Self-incentive 
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Findings Behaviour Change Technique(s) Website Function 
• Conflicting advice from healthcare 
professionals 
 
• Credible source.  Verbal and visual communication 
from a healthcare 
professional/researcher/person with 
MS in favour of the benefits of 
physical activity for people with 
MS.  
• Knowledge of benefits of exercise required 
to enable behaviour  
 
• Information about health consequences 
• Information about social and environmental 
consequences 
• Information about emotional consequences 
• Vicarious consequences 
• Credible source. 
 Text on the benefits of physical 
activity across a range of outcomes 
for people with MS. This text will 
be supplemented with videos of 
people with MS and healthcare 
professionals/researchers 
discussing the benefits of physical 
activity.  
• Knowledge of research evidence required to 
enable behaviour 
 
• Information about health consequences 
• Information about social and environmental 
consequences 
• Information about emotional consequences 
• Credible source. 
 Verbal and visual communication 
of the range of benefits of PA from 
a credible researcher in the area of 
MS and PA.  
• Fatigue as a barrier to PA 
 
• Information about health consequences 
• Information about emotional consequences 
• Vicarious consequences 
• Action Planning 
 Text based information on the 
benefits of PA in terms of 
improving fatigue. Additional text 
information on how to overcome 
barriers to PA such as fatigue. This 
is supplemented by videos.   
Table 7.4 Mapping of results to BCTs and mapping of BCTs to website functions for ‘Activity Matters’. 
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Findings Behaviour Change Technique Website Function 
• Appropriate exercises need to be given • Problem solving 
• Focus on past success 
 Advise the person with MS to focus 
on past success with PA and 
provide the evidence for varying 
exercise options through text. The 
patient will then problem solve 
which exercise to choose by 
completing an action plan.  
• Peer support as a facilitator to PA  • Restructuring the social environment  Advise to find an exercise buddy 
for the chosen exercise behaviour. 
Also, provide links on the website 
to the local MS Society and 
exercise classes happening there. 
Also the intervention will have a 
designated Facebook page to 
discuss exercise and MS with other 
individuals on Activity Matters.  
• No accessibility or disability facilities act as 
barriers to PA  
• Action planning 
• Problem solving 
 Set an action plan for the time and 
place the chosen exercise behaviour 
will occur. Provide list of potential 
barriers with regards accessibility 
and disability for this time and 
place. Problem solve the solution 
through this action plan.  
   
Findings Behaviour Change Technique Website Function 
Table 7.4 Mapping of results to BCTs and mapping of BCTs to website functions for ‘Activity Matters’. 
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• Exercise modality choice is a facilitator to 
PA 
 
• Action planning 
• Focus on past success 
 Advise the person with MS to focus 
on past success with PA and 
provide the evidence for varying 
exercise options through text. The 
exercise options will be linked to 
one’s physical activity ability and 
mobility level.  
 Set an action plan for the chosen 
exercise. 
• Self-efficacy has a moderately strong 
association with PA 
• Verbal persuasion about capability 
• Mental rehearsal of successful performance 
• Focus on past success 
• Self-talk 
 Provide text and video content 
from people with MS and their 
success with exercise. Also provide 
text encouraging the person with 
MS that they are capable of 
exercise. Do this by having 
information on exercise for varying 
mobility/physical activity levels.  
 Prompt the person with MS to 
focus on past success with exercise 
behaviours. Tell them to talk aloud 
and rehearse mentally successful 
performance of the behaviour.  
 Complete weekly exercise logs and 
promote use of self-regulatory 
techniques such as pedometers to 
enhance self-efficacy.  
 
 
Table 7.4 Mapping of results to BCTs and mapping of BCTs to website functions for ‘Activity Matters’. 
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Findings Behaviour Change Technique Website Function 
• Outcome expectancies has a moderate 
association with PA 
•Information about health consequences 
• Information about social and environmental 
consequences 
• Information about emotional consequences 
 Provide text and visual information 
on the benefits of physical activity 
for people with MS on a range of 
outcomes.  
• Goal-setting has mediated change in PA in 
previous interventions and has a moderately 
strong association with PA 
• Goal-setting (behaviour) 
• Goal-setting (outcome) 
• Action planning 
• Review behavioural goals 
• Review outcome goals 
 Set an action plan of the desired 
behaviour. Within this action plans, 
set goals for the exercise behaviour 
and also for the outcomes of this 
behaviour. E.g. Goal to walk 20 
minutes, three times a week with a 
goal to improve walking speed. 
These goals will also be reviewed 
weekly for the period of the 
intervention.  
• Fear/apprehension as a barrier to PA • Social support (unspecified/practical) 
• Reduce negative emotions 
• Action planning 
• Problem solving 
 Set action plan and list barriers to 
PA acknowledged by the person 
with MS. Problem solve how to 
reduce this barrier(s).  
 Reduce negative emotions by 
providing text and video of people 
with MS discussing positive 
experiences with PA. Provide 
direction to social media page to 
discuss fears with other people with 
MS through open discussion forum. 
Table 7.4 Mapping of results to BCTs and mapping of BCTs to website functions for ‘Activity Matters’. 
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Findings Behaviour Change Technique Website Function 
• Feelings of accomplishment a facilitator to 
PA 
• Social incentive 
• Self-incentive 
 Inform the person with MS that if 
goals are met they should reward 
themselves with a small reward of 
their choosing (e.g. chocolate bar, 
go to cinema, etc.) 
 Inform the person with MS that if 
goals are met they will be provided 
a verbal reward (congratulated on 
reaching exercise goals) 
• Anxiety/depression/fatigue triad has 
associations with exercise self-efficacy 
• Social support (unspecified/practical) 
• Reduce negative emotions 
• Action planning 
• Problem solving 
 Set action plan and provide person 
with MS with a list of potential 
barriers (including anxiety, 
depression, and fatigue). Suggest 
problem solving ideas of how to 
overcome these barriers if present.  
 Provide link to social media page 
where people with MS can discuss 
experiences with 
anxiety/depression/fatigue as a 
barrier to PA.  
 Provide link to support channels for 
depression/anxiety.  
 
Table 7.4 Mapping of results to BCTs and mapping of BCTs to website functions for ‘Activity Matters’. 
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Activity 
Matters 
Weekly Outline  Week 
Number 
  Phone-call from facilitator 1 
Module 1: Benefits of Physical Activity 1 
Module 2: Goal-Setting  1 
Module 3: Choosing the Right Activity 2 
Module 4: Action Planning  2 
Module 5: Self-Monitoring  3 
Module 6: Barriers and Symptom Management 4 
Module 7: Social Support 5 
Module 8: Feedback and Keeping an Exercise Diary 6 
No Modules- Phone-call 7 
Module 9: Having a Bad Day and Goal Revision.  8 
No Modules- Phone-call  9 
Module 10: Maintaining the Behaviour 10 
No Modules- Phone-call 11 
Module 11: Feedback and Keeping It Going.  12 
 Additional Features  
 Weekly completion of an exercise ‘action plan’ for 
the week ahead. 
 
Weekly completion of an exercise log for the week 
past.  
 
 Participants followed for 3 months post intervention 
with phone-call from facilitator each month post-
trial.  
 
 
 
Table 7.5 Outline of the ‘Activity Matters’ intervention. 
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Discussion 
 
The aim of this paper was to describe the development process of an internet-based 
intervention that aims to change PA behaviour among people with MS. The 
intervention is called ‘Activity Matters’. To our knowledge, this is the first MS PA 
intervention that has been developed using the MRC complex interventions and BCW 
frameworks.  
Using a range of data sources and following the steps of the BCW, the ‘Activity 
Matters’ intervention has been developed. The intervention is theoretically based and 
TDF domains including, knowledge, memory, attention and decision processes, skills, 
social influences, environmental context and resources, beliefs about capabilities, 
beliefs about consequences, goals and emotions were recognised as important and 
included in the intervention. Intervention functions that will be used include; 
education, enablement, environmental restructuring, persuasion and incentivisation.  
Strengths and Challenges 
This is the first MS PA intervention to use the MRC complex interventions framework 
and the BCW approach. Although other MS PA interventions have used theory, 
including the Social Cognitive Theory (SCT) and the TransTheoretical Model (TTM) 
(Dlugonski et al. 2012) (Motl et al. 2011) (Pilutti et al. 2014), these intervention 
developers have adopted a top-down approach and often do not detail the development 
process of the intervention using these theories. The BCW and MRC complex 
interventions framework use a bottom-up approach and provide increased 
transparency for future replication. In addition, the COM-B and its detailed 
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behavioural analysis framework, the TDF, provide a wide array of theoretical 
constructs upon which to draw upon which one singular model could not.  
Another strength of this paper includes the use of a large number of data sources. This 
paper includes 7 data sources of which 5 are original research produced by the authors. 
In addition, the data sources used include qualitative and quantitative research 
methods.  
Although the BCW process is both systematic and transparent, there are challenges 
associated with its use. The researcher must make subjective and pragmatic decisions. 
The use of the APEASE criteria reduces this subjectivity. For example, when aiming 
to choose one intervention function versus another, the answer is often determined by 
the practicality or affordability and not always effectiveness.  
Using the BCW process to develop an intervention and increase transparency of 
intervention design is a lengthy process. The authors began working on the 
development of ‘Activity Matters’, almost 4 years ago. This included the time to 
complete each of the included data sources and the mapping stages of the BCW. At 
this point, the intervention has yet to be assessed for usability, practicality and 
therefore effectiveness. This timeframe should be taken in to account for future 
funding applications in which the BCW framework is proposed.  
Implications for Future Research  
Despite the large number of data sources used, it is possible there is more we do not 
know about PA behaviour among people with MS. There are possibly other known 
correlates of PA that have not been studied and therefore are not known. As the 
development of PA interventions for people with MS continues, researchers should be 
aware of new publications arising on correlates and predictors of PA behaviour among 
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people with MS that could be added to the theoretical model underpinning ‘Activity 
Matters’ and described in this paper. In addition, among all 7 data sources used, the 
sample of people with MS used were largely ambulatory people living with the 
disease. Little is known about those with higher disability caused by MS including 
those who use wheelchairs. Future research should include these participants.  
This paper provides a detailed outline of the theoretical development of a web-based 
intervention to change PA behaviour among people with MS. Future research by the 
authors will include the clinical evaluation of the ‘Activity Matters’. The website 
functions outlined in this paper will be created with assistance from a software 
developer and web designer. Once developed, before testing for effectiveness, the 
authors will test the usability and acceptability of the web intervention for people with 
MS. The authors will also conduct qualitative research with healthcare professionals 
and policy makers who work with people with MS and can influence change. The aim 
will be to understand how healthcare professionals can use ‘Activity Matters’ 
routinely in their practise to ensure adoption.  In addition, these interviews will explore 
if healthcare professionals discuss PA with their MS and if not how to overcome this. 
It is hoped these findings will lead to the inclusion of specific healthcare professional 
content on the ‘Activity Matters’ web resource. 
 
Conclusion 
 
This paper describes the development of an internet intervention to change PA 
behaviour among people with MS called ‘Activity Matters’. It is the first MS PA 
intervention to use the theoretical approach outlined by the MRC complex 
interventions framework and the BCW. ‘Activity Matters’ will use intervention 
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functions including education, enablement, environmental restructuring, persuasion 
and incentivisation. These intervention functions have been linked to a number of 
behaviour change techniques including, action planning, goal-setting, problem-
solving, amongst others. The next phase of this work is to test the usability, 
acceptability and preliminary effectiveness of ‘Activity Matters’ among people with 
MS.  
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Chapter Outline 
 
This chapter provides a discussion of the thesis findings. The discussion will begin by 
highlighting the unique contribution of each stage of the thesis as outlined by the MRC 
Framework for the Development of Complex Interventions and the Behaviour Change 
Wheel (BCW) steps. Implications of these findings for research and practise will be 
discussed. The chapter will also acknowledge the strengths and limitations of the 
thesis and conclude with directions for future research.  
Unique Contribution and Implications of Findings  
MRC Development Stage 1: Identify the Evidence Base 
 
Unique Contribution 
 
The aim of this section was to establish if physical inactivity is a problem among 
people with MS. This aim was met with the completion of a meta-analysis of PA levels 
that showed people with MS are significantly less active than their healthy 
counterparts across PA outputs of steps per day, minutes of MVPA per day and 
‘activity counts’ per day. The unique contribution that this paper makes is that it is the 
first meta-analysis to only consider objectively measured PA levels among people 
with MS. Healthy population literature emphasises the importance of measuring PA 
objectively and suggests self-report measurements should always be interpreted with 
caution (Ainsworth et al. 2015). In addition, our review quantifies PA in a large sample 
providing an average of each PA output rather than effect sizes. For example, people 
with MS in this review are doing on average 3845 less steps then healthy controls and 
9 minutes less MVPA per day. Finally, this is the first MS PA review to include a large 
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national database of healthy age-matched controls such as NHANES for comparison, 
standardising the control group within the meta-analysis.    
Implication of Findings on Research and Practise 
 
The need for intervention and who to target? 
 
The first implication of the findings from this section is that people with MS remain 
largely inactive and are in need of intervention. These findings are similar to previous 
reviews of PA levels among people with MS (Kinnett-Hopkins et al. 2017, Motl et al. 
2015) and both these reviews also support the need for new efforts on promoting PA 
in the MS community. These findings provide the evidence base for the need of PA 
interventions such as that outlined by ‘Activity Matters’.  
Given the variation in ability and disability levels among people with MS, the question 
arises as to whom to target for such PA interventions. The meta-analysis of objective 
PA levels shows that the majority of participants were ambulatory with or without use 
of an aid with only one study including wheelchair users (Rice et al. 2015). Previous 
PA interventions and reviews on understanding PA behaviour among people with MS 
(Sangelaji et al. 2016, Casey et al. 2017b), largely include ambulatory people with or 
without use of an aid also. Whilst MS literature has begun to explore the effect of 
rehabilitation and exercise among people with progressive MS (Campbell et al. 2016, 
Feinstein et al. 2015), the literature is sparse with regards outcomes of PA or 
epidemiological PA rates in a progressive MS population. However, this does not 
mean those with progressive MS are not in need of intervention clinically or through 
research efforts. The benefits of PA for those with progressive MS are widely reported 
(Feinstein et al. 2015). However, future research should strive to include people with 
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MS with EDSS greater than 7 in PA studies so we can further understand PA behaviour 
in this population and develop effective interventions. 
The target population for ‘Activity Matters’ has been chosen as ambulatory people 
with MS, with/without use of an aid. This is primarily due to the abundance of 
literature for this group with regards understanding their PA behaviour. This provides 
crucial information for PA theory development and increases the likelihood of success 
for interventions such as ‘Activity Matters’ for people with MS ambulatory 
with/without use of an aid.   
 
Specifying the target PA behaviour 
 
The findings of this stage of the thesis highlighted the need to increase objective PA 
levels among people with MS. Therefore, the target behaviour is to increase objective 
PA levels in this population. Further specification on what objective PA output to 
target in our interventions warrants discussion. The most frequently reported PA 
outputs in that review are presented in Figure 8.1 and have been published elsewhere 
(Casey et al. 2017a).  
The most frequently reported objective PA outputs include ‘daily activity counts’ and 
‘daily step counts’. Healthy population literature and a recent ‘Top 10 Research Paper 
Related to Multiple Sclerosis and Physical Activity’ (Motl. et al. 2015) would question 
whether these outputs are the most appropriate. Firstly, ‘activity counts’ are a single 
metric that can vary across devices and do not provide a measure of PA intensity or 
duration. Until activity counts per day are standardised across PA devices, they should 
be reported in conjunction with additional PA metrics (Bassett et al. 2015).  
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Figure 8.1: Objective PA Outputs in the MS Literature (2005-2016).  
In addition, it is unclear if there is an ‘ideal cut-off point’ for steps in people with MS 
and therefore questionable as to whether measuring steps is appropriate. People with 
MS have significantly different gait patterns to healthy controls such as decreased 
walking speed, decreased step length (Comber et al. 2017) and therefore, we must 
examine if it is it feasible for ambulatory people with MS to meet the recommended 
‘10,000’ steps. Also, what are the associated health risks if they do not? It is possible 
that the data reported for steps per day in the meta-analysis (5840 steps) is a reasonable 
average of the steps per day a person with MS can obtain and that those meeting below 
this average are those in need of intervention. However, this needs to be explored 
further.  
The authors of the ‘Top 10 Research Questions Related to Physical Activity and 
Multiple Sclerosis’ (Motl. et al. 2015) also acknowledge that there is no ideal target 
behaviour for PA in MS. They put forward suggestions as to whether we should be 
measuring metabolic equivalents (METs) but perhaps METs vary across disabilities. 
There is an evident need to further explore the optimum objective PA behaviour to 
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measure and change among people with MS. The author suggests future research 
should aim to do this and plans to organise a consensus meeting with leading MS and 
PA researchers. Goals of this meeting will include outlining research priorities for the 
measurement of objective PA and concluding on a gold-standard for the measurement 
of objective PA in people with MS and what to target in future interventions. 
While there are no guidelines at present, the authors suggest measuring PA objectively 
through a range of objective outputs capturing total PA, PA time and PA intensity. 
Healthy population literature would suggest energy expenditure in kilocalories would 
be the desired output for total PA until total activity counts per day have been refined 
(Bassett et al. 2015). Therefore, the authors suggest measuring PA through energy 
expenditure and minutes of MVPA per day.  
How should we measure objective PA? 
 
The debate surrounding how to objectively measure PA is closely linked to what PA 
output we should report. The most frequently used PA measurement tools are 
pedometers and uni-axial accelerometers, illustrated in Figure 8.2 (Casey et al. 2017a). 
Once it is understood what PA output is desired, the most appropriate PA measurement 
tool can be chosen. However, there are certain MS symptoms/characteristics that can 
influence choice of PA device. For example, given the gait abnormalities mentioned, 
pedometers may not be as accurate. Also, the energy cost of movement can be much 
higher among people with MS making motion sensors less accurate (Motl. et al. 2015). 
The placement of such devices should also be considered, it is unclear at present if 
waist worn devices are more accurate than wrist, arm or ankle worn devices for people 
with MS. Similarly, for people with MS with mobility limitations or who enjoy non-
ambulatory activities such as swimming or cycling, activities people with MS say they 
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enjoy (Casey et al. 2015), arm or wrist worn devices might be more appropriate. Such 
devices have been identified as capturing non ambulatory activities (Ainsworth et al. 
2015).  In summary, similar to the PA outputs, there are no guidelines for MS 
researchers when choosing the most appropriate objective PA device. Validation of 
objective measurement devices is supported prior to their use and researchers should 
attempt to choose a device that captures a range of PA outputs.  
 
Figure 8.2: Objective PA Measurement Tools in the MS literature (2005-2016).  
 
MRC Development Stage 2: Identify/Develop the Theory 
 
Unique Contribution 
 
The aim of this stage of the thesis was to further understand PA behaviour among 
people with MS and identify what is needed in future interventions. The unique 
contribution of this part of the thesis was the combination of systematic reviews and 
meta-analyses alongside original qualitative and quantitative research conducted by 
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the author. The author explored PA behaviour among people with MS outside of our 
current understanding and previously popular behavioural models used such as the 
SCT and TTM.  
The systematic review and meta-analysis of behavioural interventions captures the 
first unique contribution by the authors in this stage of the thesis. This review differed 
from previous reviews on behavioural interventions in that it included all studies with 
an outcome of PA and coded the included interventions for both theory-use and 
included BCTs.  The review of modifiable psychosocial correlates offered uniqueness 
in the form of international collaborations with Prof Motl and Dr Latimer Cheung, 
developers of the MS PA guidelines (Latimer-Cheung et al. 2013). In addition, this 
review included a meta-analysis of correlates, a statistical approach never used before 
in the MS PA literature.  Other unique contributions in this stage of the thesis included 
the moderation-analysis of the well-known relationship between objective PA and 
self-efficacy and including a knowledge translation framework, RE-AIM in our 
qualitative paper with a large number of people with MS (N=33).  
 
Implications of Findings on Research and Practise 
 
There is a need to measure long-term PA within interventions 
 
Current interventions are not measuring PA in the medium-long term (>6months - >12 
months) and have not been successful in changing objective PA. Efforts must be made 
to show long-term effect of PA behavioural interventions if they are to be regarded as 
successful and implemented further. Since the review of PA behavioural interventions, 
Chapter 3, there has been two further PA interventions published. One such 
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intervention was that of Motl and colleagues that tested an e-learning approach based 
on SCT principles(Motl. et al. 2017). This intervention was 6 months in duration with 
outcomes assessed pre and post-intervention. The intervention was successful in 
changing self-report but not objective PA levels in the 23 intervention participants.  A 
protocol for another PA intervention among pwMS, namely, the ‘I-Step-MS’ trial was 
published recently and does include a follow-up of objective PA beyond 6 
months(Ryan et al. 2017). There is no further report on the effectiveness of this 
intervention.  
A recent publication on future directions of PA interventions in the healthy population 
literature has acknowledged the need to evaluate long-term outcomes(Lewis et al. 
2017). Before implementing a PA intervention that shows promise 3-6 months post-
intervention, it is crucial to examine its long-term impact. Future PA interventions in 
the MS literature should have short (post-intervention), medium (3-6 months) and 
long-term (+12 months) outcomes.  
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What must be included in future interventions? 
 
This stage of the thesis recognises theoretical and non-theoretical constructs that are 
associated with PA behaviour among people with MS and those that should be 
included in future interventions. Firstly, self-efficacy was the only correlate to be 
significantly associated with objective PA in Chapter 4. The need to increase self-
efficacy among people with MS is well-documented in the PA literature and recent 
research continues to highlight the importance (Streber et al. 2016, Ensari et al. 2017).  
This thesis highlights in Chapter 5 that mood, in particular anxiety, moderates the 
relationship between self-efficacy and objective PA in an inactive sample of people 
with MS. To date, this is the only evidence of this interaction however research has 
begun to examine the effect of mood on PA behaviour outside of those findings in this 
thesis. A recent study of 27 individuals with MS demonstrated significant associations 
between PA and depression highlighting the need to further examine the role of mood 
in explaining PA behaviour (Sadeghi Bahmani et al. 2017).  
Goal-setting has also been recognised as an important correlate and predictor of PA 
behaviour among people with MS. This thesis also demonstrates that goal-setting can 
mediate a change in PA as evident in the review on behavioural interventions. 
Recently published PA interventions or PA intervention protocols in this population 
(Ryan et al. 2017, Dixon-Ibarra et al. 2017, Motl et al 2017) continue to include goal-
setting techniques in their interventions and the authors encourage this.  
The qualitative data in this thesis found that knowledge is important and people with 
MS want to know the benefits of PA to enable them to become active. This is 
supported by a recent qualitative analysis of a PA intervention among people with MS 
where ‘Improved Physical Activity Knowledge’ was a theme associated with 
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participants experiences of exercising. One participant felt that ‘….I have all these 
tools (knowledge), I can make it a reality to exercise’ (Dixon-Ibarra et al. 2017).  
Whilst this thesis highlights modifiable constructs such as self-efficacy, goal-setting, 
mood, and knowledge as important to include in future interventions, there is an ever 
expanding literature of modifiable correlates of PA being published every year that 
both support and add to these findings. For example, in a recent logistic regression 
model of 8,755 people with MS from the North American Research Committee on 
Multiple Sclerosis (NARCOMS) registry, being a current smoker, education, 
depression, fatigue, hand, or bladder dysfunction and minimal to mild spasticity were 
associated with lower odds of meeting physical activity guidelines (Reider et al. 2017). 
Future PA interventions should acknowledge these modifiable factors and be aware of 
updated publications on PA correlates and predictors in this population.  
What do we not know about PA behaviour among people with MS?  
 
There were several constructs of the TDF which previous MS PA studies have not 
examined, these include: cognitive and interpersonal skills, optimism, 
social/professional role and identity, intentions and reinforcement. It is unclear if any 
of these domains are associated with or predict PA behaviour among people with MS. 
Other constructs that have been recognised as important in other populations (older 
adults and rheumatoid arthritis) but have not been included in the MS PA literature 
include the following: previous PA history, health perception, motivation, intentions 
and BMI (Larkin and Kennedy 2014, Trost et al. 2002).  
It is likely there are other predictors of PA behaviour that have not been mentioned in 
this thesis. Future research should acknowledge the TDF domains that have not been 
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investigated and the correlates/predictors of PA from other populations that have not 
been explored exclusive to people with MS such as pervious PA history, health 
perceptions/beliefs, motivation, intentions and cognitive/interpersonal skills.  
MRC Development Stage 3: Modelling Process and Outcomes 
 
Unique Contribution 
The aim of this stage was to use the knowledge sourced from the previous stages of 
the thesis and develop the ‘Activity Matters’ intervention. The unique contribution of 
this stage of the thesis is the production of the first paper that describes the 
development of a MS PA intervention using the steps of the BCW. Although other MS 
PA interventions have used theory, including the Social Cognitive Theory (SCT) and 
the TransTheoretical Model (TTM) (Dlugonski et al. 2012) (Motl et al. 2011) , these 
intervention developers have adopted a top-down approach and often do not detail the 
development process of the intervention using these theories. The BCW and MRC 
Framework for the Development of Complex Interventions use a bottom-up approach 
and provide increased transparency for future replication. For example, every 
intervention function, BCT and website function within the ‘Activity Matters’ 
intervention has been provided in Chapter 7.  
Implications of Findings for Research and Practise 
How is the ‘Activity Matters’ similar to previous PA interventions? 
 
The first similarity between ‘Activity Matters’ and previous interventions is the mode 
of delivery to increase PA behaviour. As highlighted in Chapter 3, the internet or web-
based methods have been used in PA interventions previously and have proved safe 
and feasible among people with MS (Motl. et al. 2011, Pilutti et al. 2014). Another 
239 
 
 
similarity is the target population within the intervention. Previous interventions have 
largely targeted those in need of intervention and people with MS who are ambulatory 
with/without use of an aid. ‘Activity Matters’ also aims to include people with MS in 
need of intervention and ambulatory.  
The ‘Activity Matters’ intervention is 12 weeks in duration and again, this is similar 
to previous interventions (Casey et al. 2017b), as is the use of telephone calls during 
break periods within the intervention. The final similarities reocgnised by the authors 
is the use of common BCTs which include: ‘goal-setting (behaviour)’, goal-setting 
(outcome)’, ‘action planning’, ‘problem solving’, ‘prompt review of behavioural 
goals’, ‘provide feedback’, ‘facilitate social comparison’, ‘plan social support’ and 
‘emotional control training’.  
How does the ‘Activity Matters’ differ from previous PA interventions? 
 
The first difference between ‘Activity Matters’ and previous interventions will be the 
use of a range of objective PA outputs as primary measures that aim to capture the 
duration, frequency, type and intensity of PA among participants. In addition, the PA 
outcome will be measured at short-term (post-intervention), medium-term (6 months) 
and long-term (12 months) intervals within the intervention. This differs to previous 
interventions in which the longest PA follow-up reported in MS PA interventions has 
been 9 months (Carter et al. 2014).  
Although the web has been used in previous interventions, ‘Activity Matters’ will be 
the first MS PA intervention to have an associated social media page to enhance social 
comparison and social support within the intervention. The use of social media pages 
alone, or part of a complex intervention has increased over recent years in healthy 
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population PA research studies. A recent meta-analysis included 22 RCTs (Williams 
et al. 2014) that used social media pages for PA and healthy eating promotion and 
concluded they may provide some advantages for public health interventions. In 
addition, the intervention will be embedded in a learning management system and 
contains 11 modules over the 12 weeks wherein participants will be provided evidence 
based text and video content and will be assessed weekly after engaging in the content. 
The intervention has been closely designed from the qualitative interviewing 
completed with people with MS, wherein they wanted information from a variety of 
sources in a variety of formats. Also, information is to be stratified by PA level and 
disability. To the author’s knowledge, no MS PA intervention has used this system 
before.  
Finally, the main difference between ‘Activity Matters’ and previous interventions is 
the transparency of the content and the addition of BCTs that have not been used 
previously in the MS PA literature. Additional BCTs to be included are: ‘Credible 
source’, ‘Information about social and environmental consequences’, ‘Information 
about emotional consequences’, ‘Vicarious consequences’, ‘Focus on past success’, 
‘Restructuring the social environment’, ‘Verbal persuasion about capability’, ‘Mental 
rehearsal of successful performance’, ‘Self-talk’, ‘Social incentive’ and ‘Self-
incentive’. ‘Activity Matters’ is also the first MS PA intervention to explicitly 
highlight the intervention functions which are embedded in the content through 
publication of the intervention development process using the BCW.  These 
intervention functions include, education, enablement, environmental restructuring, 
persuasion and incentivisation.  
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Advice on using the BCW process for intervention development? 
 
As alluded to in Chapter 7, the main point of advice with using the BCW process is 
the timeframe. The process of developing the ‘Activity Matters’ intervention took 3 
and a half years. The authors advise any research group contemplating using the BCW 
steps to allow for this timeframe. In addition, the authors recommend using more than 
one data source or research paper to inform the steps outlined in the BCW. Whilst 
previous intervention developers (Murphy et al. 2017, Webster et al. 2016) may have 
used one data source only to inform their intervention, the authors felt that using more 
than one data source increased the likelihood of understanding more about the 
behaviour they were trying to change. Finally, ensuring you have the adequate number 
of researchers working on your intervention development team can aid with cross-
checking the mapping process outlined in Chapter 7.  
Strengths and Limitations 
 
The development and application of theory to inform ‘Activity Matters’ is a strength 
of the thesis given the associations with theory use and intervention effectiveness 
(Michie et al. 2005). However, the authors are aware of a limitation to their use of 
theory. The policy categories component of the BCW was not used in the thesis. 
Potential policy categories that can be targeted include guidelines, legislation, service 
provision, amongst others. Not including this policy component of the BCW could 
potentially challenge implementation of ‘Activity Matters’ if the intervention proves 
to be effective.  Policy will be embedded in the next steps of ‘Activity Matters’, 
outlined in a later section.  
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This thesis includes 6 papers of which five are published and one is accepted. The 
papers include a range of mixed-methods and statistical approaches. These include, an 
original qualitative paper with 33 participants, three meta-analyses, moderation 
analysis of baseline RCT data and a theory mapping paper. During nearly a 4 year 
process, these methods and publications are another strength of this thesis. However, 
the author acknowledges limitations. Not all theoretical constructs in the TDF have 
been explored in previous MS PA literature and there is a need to explore domains 
that have not yet been investigated to increase the likelihood of truly understanding 
PA behaviour in people with MS and developing an effective intervention.  
It is possible there are also other MS specific symptoms such as cognition, fatigue, 
etc. that must be explored as predictors and determinants of PA. Therefore, despite 
robust mixed-method data collection, the mapping outline in Chapter 7 may be altered 
if other correlates and predictors are investigated outside of those mentioned in this 
thesis. These alterations may increase the effectiveness of ‘Activity Matters’ and help 
understand PA behaviour in people with MS further.  
It has been well documented that self-report measurements of PA should be interpreted 
with caution and that implementation of objective methods are suggested (Steene-
Johannessen et al. 2015). In fact, the meta-analysis of objective PA levels in this thesis 
is the first meta-analysis of PA levels in MS using objective methods only. 
Acknowledging the importance of objective measurement of PA is another strength of 
this thesis. Unfortunately, with this strength also comes a limitation. Whilst this thesis 
recognises the importance of measuring PA objectively, it does not give any further 
indication of how this should be done. The authors have published on this challenge 
(Casey et al. 2017a) and conclude that there is no direction at present for how 
researchers should be objectively measuring PA in people with MS. This is recognised 
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as a limitation in this thesis. Albeit, the authors do suggest measuring PA by capturing 
objective total PA, PA time and PA intensity.  
A final strength of this thesis is the involvement of people with MS in the development 
of the ‘Activity Matters’ intervention. This involvement is evident in Chapter 6 
through our qualitative research paper. However, the authors acknowledge that this 
involvement was not a true patient, public involvement (PPI) design and a limitation 
to this thesis. There was no stakeholder group developed at the beginning of this thesis 
process that included patients with MS or public representatives. It is well documented 
these approaches and inclusion of PPI designs can enhance the effectiveness of 
interventions (Mockford et al. 2011). Moving forward, for usability testing and 
evaluation, the authors will acknowledge this limitation and create an ‘Activity 
Matters’ stakeholder group.  
Future Directions 
 
Creating the ‘Activity Matters’ Stakeholder Group 
 
Recognised as a limitation to the thesis, the first next step will be to create a 
stakeholder group for ‘Activity Matters’. The creation of this stakeholder group will 
allow the research team to use a PPI process for the piloting and evaluation of ‘Activity 
Matters’. The group will aim to include a wide range of representatives including: 
people living with MS, the research team, MS Ireland representative(s), a health 
services representative (e.g. physiotherapy manager, senior neuro physiotherapist, 
etc.) and the web-design team. The involvement of people outside the research team 
in these stakeholder groups helps the research team to: 
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 Ask the right questions 
 To encourage people to take part in research studies 
 To make sure findings are heard 
 To improve care (Public Health Agency, 2017) 
Further Modelling of Process and Outcomes 
 
Before moving to the next stage of the MRC Framework for the Development of 
Complex Interventions, the research team will further model the process and outcomes 
of ‘Activity Matters’. This involves refining the design of the intervention before 
piloting to ensure it is acceptable among the target population. By recently updated 
definitions, this will be a feasibility study which aims to determine if a ‘Activity 
Matters’ pilot intervention can be done, should the research team proceed with it and 
if so how? (Eldridge et al. 2016).  
Like the majority of feasibility studies, this study will be largely qualitative in design 
using focus-group interviews and a ‘Think Aloud’ approach (Nielsen 1993) with the 
addition of an attitudinal questionnaire to assess acceptability of the ‘Activity Matters’ 
website. Study design is illustrated in Figure 8.3. Results of this testing will inform 
the research team if the intervention needs to be refined before moving to the next 
stage whilst also providing information  for the running of a pilot randomised trial.  
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Pilot Randomised Trial 
 
Once the stakeholder group has been created and the intervention has been refined, a 
pilot randomised control trial will be conducted. Again, by definition, a pilot study 
asks the same questions as a feasibility study but also has a specific design feature: in 
a pilot study a future study, or part of a future study, is conducted on a smaller scale 
(Eldridge et al. 2016).. Following the guidance by the MRC, this trial will focus less 
on effectiveness and more on testing procedures, estimating recruitment and retention 
and determining the sample size for a large scale evaluation trial.   
Given the aims of the pilot trial are not focusing on effectiveness; the control group 
will not be an active group and likely to be usual-care or a waitlist control. The primary 
outcome will still be included in the trial to allow for testing of procedures and 
determining sample size of a larger trial and will assessed at short, medium and long-
term intervals. The primary outcome will be objective measures of PA including, 
minutes of MVPA and energy expenditure per day. In addition, the pilot feasibility 
Feasability 
Study 
Direct 
Observation 
(Think Aloud 
Approach)
Performance 
Measures
(Time Taken 
during Think 
Aloud Approach) Participant 
Acceptance 
(Questionnaire 
and focus 
group)
Figure 8.3 Feasibility Study Design 
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trial will aim to be of high quality with a low risk of bias. This will be ensured by 
double blinding of both the research personnel and outcome assessors, randomisation 
and allocation concealment. Given it is an exercise trial, blinding of participants in the 
intervention group is unlikely.  
If results of this stage of the MRC Complex Interventions Framework prove promising 
and ‘Activity Matters’ is deemed feasible and acceptable among people with MS, a 
large scale RCT will be conducted. This trial will assess effectiveness, understand the 
mediators of change and explore cost-effectiveness. A process evaluation will also be 
included in the trial which will be used to assess fidelity and quality of implementation, 
clarify causal mechanisms and identify contextual factors associated with variation in 
outcomes(Moore et al. 2015). Routine monitoring of data, stakeholder interviews, 
participant interviews, documentary analysis and mediational analysis will the aid 
process evaluation. Further stages of ‘Activity Matters’ will involve qualitative 
interviewing with healthcare professionals and policy makers to enhance 
implementation if the intervention is deemed effective.  
Conclusion 
 
The aim of this thesis was to develop a web-based intervention to increase PA levels 
among people with MS, namely, ‘Activity Matters’. The thesis was underpinned by 
the development stage of the MRC Framework for the Development of Complex 
Interventions and the BCW process. Specific objectives of this thesis included: 1) 
Identifying the Evidence Base, 2) Identifying and Developing the Theory and 3) 
Modelling Process and Outcomes of the ‘Activity Matters’ intervention.  
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The evidence base for the ‘Activity Matters’ intervention was identified through a 
meta-analysis of objective PA levels among people with MS. This was the first meta-
analysis of objective PA levels only in this population. Results showed that people 
with MS are significantly less active than their healthy counterparts across PA outputs 
of steps per day and minutes of MVPA per day. These findings support the need for 
future PA intervention development.   
This thesis contributed to identifying and developing the theory base for the ‘Activity 
Matters’ intervention and ultimately aimed to understand PA behaviour among people 
with MS. Four chapters in the thesis provided crucial quantitative and qualitative data 
that aimed to meet this aim. In summary, previous interventions have not been 
successful in changing medium-long-term PA behaviour among people with MS and 
factors such as self-efficacy, goal-setting, mood and knowledge were recognised as 
important to include in future interventions.  
The final objective of this thesis was to model the process and outcomes of the 
‘Activity Matters’ intervention using the steps outlined by the BCW. Data from 
previous sections in this thesis and well-known MS PA publications informed this 
process. Results showed that the ‘Activity Matters’ intervention is theoretically based 
and constructs including, knowledge, memory, attention and decision processes, skills, 
social influences, environmental context and resources, beliefs about capabilities, 
beliefs about consequences, goals and emotions were recognised as important. 
Intervention functions and techniques that will be used on the website include 
education, enablement, environmental restructuring, persuasion, incentivisation, 
action planning, goal-setting, social-support and problem-solving.  
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Future research directions include refining the content and design of ‘Activity Matters’ 
intervention through usability testing and the development of a patient-public 
stakeholder group. Once refined, a pilot randomised control trial will be conducted to 
test procedures, estimate recruitment and determine the sample size for a large scale 
evaluation that will test effectiveness.  
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Appendix 2.1 Summary of Included Studies in Chapter 2 
 
Source Study Design Study 
Origin 
Participants Objective PA Measure  Wear Time Result 
TITLE: Increasing 
Physical Activity in 
Multiple Sclerosis: 
replicating Internet 
Intervention Effects 
Using Objective and 
Self-Report 
Outcomes. 
AUTHOR: 
Dlugonski, D., Motl, 
R., McAuley, E.  
JOURNAL: 
Journal of 
Rehabilitation 
Research and 
Development  
Year Published: 2011 
 
Intervention USA Sample Description: 
Recruited from a control 
group of a RCT of the same 
internet intervention. 
 
N: 21 
 
Disability Level (PDSS):  
Median= 1.0, Range= 0-5. 
 
Gender: 
Female= 19, Male= 2. 
 
Age (years): 
Mean= 46.4, SD= 8.1. 
 
Device Used: 
ActiGraph model 7164 
Accelerometer. 
 
Axis Direction of 
Device: 
Single Vertical Axis 
 
Epoch: 
1 minute 
 
PA Measure(s) Taken: 
1) Activity counts per 
day. 
2) Step count per day.  
Number of Days Worn: 
7-day period 
 
Wear Time During These 
Days: 
Waking hours, except 
while showering, bathing 
and swimming.  
 
Waking Hours was 
defined as  ‘the duration 
from the point of waking 
out of bed in the morning 
until the point of going to 
bed’ 
 
Position of Device 
During Wear Time: 
On an elastic belt around 
the waist on the non-
dominant hip. 
1) Total activity 
counts per day: 
Mean (SD) = 
168,974(70,669). 
 
2) Total step counts 
per day: 
Mean (SD) = 6,435 
(2512).  
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Source Study Design Study 
Origin 
Participants Objective PA Measure  Wear Time Result 
TITLE: Steps Per 
Day Among Persons 
With Multiple 
Sclerosis: Variation by 
Demographics, 
Clinical, and Device 
Characteristics.  
AUTHOR: 
Dlugonski, D., Pilutti, 
L., Sandroff, B., Suh, 
Y., Balantapu, S., 
Motl, R.   
JOURNAL: 
Archives of Physical 
Medicine and 
Rehabilitation 
Year Published: 2013 
 
Cross-sectional 
Design 
USA Sample Description: 
Recruited throughout the 
USA via the National 
Multiple Sclerosis Society.  
 
N: 645 
 
Disability Level (PDSS):  
Median= 2.0, Range= 0-6. 
 
Gender (n): 
Female= 550, Male= 95. 
 
Age (years): 
Mean= 46.3, SD= 10.6. 
 
Device(s) Used: 
1) ActiGraph model 
7164 Accelerometer 
2) ActiGraph model 
GT3X Accelerometer 
3) Yamax SW-200 
Pedometer 
 
Axis Direction of 
Device: 
1) ActiGraph Models: 
Single vertical axis. 
2) Yamax Pedometer: 
Not reported. 
  
Epoch: 
1 minute 
 
PA Measure(s) Taken: 
1) Steps per day.  
 
Number of Days Worn: 
>2 days of wear time. 
 
Wear Time During These 
Days: 
>/= to 10h.  
 
Position of Device 
During Wear Time: 
Not reported. 
1) Total activity step 
counts per day: 
Mean (SD) = 5903 
(3185).  
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Source Study Design Study 
Origin 
Participants Objective PA Measure  Wear Time Result 
TITLE: Use of 
Accelerometers to 
Measure Real-Life 
Physical Activity in 
Ambulatory 
Individuals with 
Multiple Sclerosis.  
AUTHOR: Fjeldstad, 
C., Fjeldstad, A., 
Pardo, G. 
JOURNAL: 
International Journal 
of MS Care 
Year Published: 
2015.  
 
Cross-sectional 
Design 
USA Sample Description: 
A  mixed convenience 
sample 
 
N: 13. 
 
Disability Level (EDSS):  
Mean= 2.5, SD= 0.5. 
 
Gender (n): 
Female= 9 , Male= 4 . 
 
Age (years): 
Mean= 47.6, SE= 3.0. 
 
Device(s) Used: 
1) ActiGraph GT1M 
accelerometer. 
 
Axis Direction of 
Device: 
Biaxial with an 
anteroposterior vector 
and a vertical vector.  
  
Epoch: 
1 minute 
 
PA Measure(s) Taken: 
1) Steps per day.  
2) Energy Expenditure 
(MET’s and activity 
counts) 
 
 
Number of Days Worn: 
7 day period. 
 
Wear Time During These 
Days: 
From 8a.m to 9 p.m. 
except during sleeping, 
swimming and bathing. 
 
Position of Device 
During Wear Time: 
Worn on an elastic band 
on the hip.  
1) Total step counts 
per day: Mean (SE) 
= 6492 (976).  
 
2) Activity Counts: 
Mean (SE)= 262,475 
(50,772) 
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Source Study Design Study 
Origin 
Participants Objective PA Measure  Wear Time Result 
TITLE: Measuring 
Free-Living Physical 
Activity in Adults 
With and Without 
Neurologic 
Dysfunction With a 
Triaxial 
Accelerometer. 
AUTHOR: Hale, L., 
Pal, J., Becker, I. 
JOURNAL: 
Archives of Physical 
Medicine and 
Rehabilitation 
Year Published: 
2008.  
 
Repeated 
Measures Design 
New 
Zealand 
Sample Description: 
Recruited through local 
service organisations and 
public campaigns. 
 
N: 11 
 
Disability Level:  
Not reported  
 
Gender (n): 
Female= 8 , Male= 3 . 
 
Age (years): 
Mean= 50.7, SD= 11.8. 
 
Device(s) Used: 
1) TriTrac RT3 
accelerometer.  
 
Axis Direction of 
Device: 
Triaxial. Measures 
movements across 3 
planes, vertical, 
anteroposterior and 
mediolateral.  
 
Epoch: 
1 second or 1 minute 
 
PA Measure(s) Taken: 
1) Activity counts 
summarised by 
calculating mean vector 
magnitude (MVM) 
 
Number of Days Worn: 
7 day period. 
 
Wear Time During These 
Days: 
Waking hours, except 
when bathing, swimming 
or lying in bed. 
 
Position of Device 
During Wear Time: 
Attached to waist belt in 
a central back position.  
1) Activity counts 
(MVM): Mean 
(SD)= 1,085,849 
(373,047).  
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Source Study Design Study 
Origin 
Participants Objective PA Measure  Wear Time Result 
TITLE: Objectively 
Measured Physical 
Activity Is Associated 
with Brain Volumetric 
Measurements in 
Multiple Sclerosis.  
AUTHOR: Klaren, 
R., Hubbard, E., Motl, 
R., Pilutti, L., Wetter, 
N., Sutton, B. 
JOURNAL: 
Behavioural 
Neurology 
Year Published: 
2015.  
 
Cross-sectional USA Sample Description: 
Recruited through targeted 
advertisements in one State 
in USA.  
 
N: 39 
 
Disability Level (EDSS):  
Median= 4.5, IQR=2.5.   
 
Gender (n): 
Female= 30 , Male= 9 . 
 
Age (years): 
Mean= 48.7, SD= 9.6 . 
 
Device(s) Used: 
1) Acti-Graph model 
GT3X+ accelerometer.  
 
Axis Direction of 
Device: 
3 axes 
Epoch: 
Not reported 
 
PA Measure(s) Taken: 
1) Activity counts per 
minute which was 
subdivided into time 
spent in sedentary 
behaviour ( <100 
counts), light PA ( 100-
1722 counts) and MVPA 
(>1723 counts). 
 
Number of Days Worn: 
7 day period. 
 
Wear Time During These 
Days: 
More than 10 hours per 
day without periods of 
continuous zeros 
exceeding 60 minutes 
 
Position of Device 
During Wear Time: 
Not reported.  
1) Sedentary 
Behaviour 
(min/day): 
Mean(SD)= 594 
(123) 
 
2) Light PA 
(min/day):  
Mean (SD)= 213 
(84) 
 
3) MVPA (min/day): 
Mean (SD)= 11.9 
(15.4).  
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Source Study Design Study 
Origin 
Participants Objective PA Measure  Wear Time Result 
TITLE: Determinants 
of Physical Activity in 
Minimally Impaired 
People with Multiple 
Sclerosis. 
AUTHOR: 
Kahraman, T., Savci, 
S., Coskuner-Poyraz, 
E., Ozakbas. 
JOURNAL: 
Clinical Neurology 
and Neurosurgery 
Year Published: 2015 
 
Cross-sectional 
Cohort Study. 
Turkey Sample Description: 
Random recruitment from a 
local MS clinic. 
 
N: 52 
 
Disability Level (EDSS):  
Mean= 1.5, SD= 1. 
 
Gender: 
Female= 35, Male= 17. 
 
Age (years): 
Mean= 36, SD= 8. 
 
Device Used: 
Caltrac Accelerometer 
 
Axis Direction of 
Device: 
Uniaxial, vertical axis.  
 
Epoch: 
Not reported 
 
PA Measure(s) Taken: 
1) Energy expenditure in 
kilocalories as activity 
counts per day. 
Number of Days Worn: 
7-day period 
 
Wear Time During These 
Days: 
Waking hours, except 
while showering, bathing 
and swimming.  
 
Waking Hours was 
defined as  ‘the duration 
from the point of waking 
out of bed in the morning 
until the point of going to 
bed’ 
 
Position of Device 
During Wear Time: 
On an elastic belt around 
the waist on the non-
dominant hip. 
1) Total activity 
counts per day 
(Kilocalories): 
Mean (SD) = 1428.8 
(501.5). 
(Weekdays= 1444.3 
(546.4), Weekend= 
1425.9 (450.1).) 
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Source Study Design Study 
Origin 
Participants Objective PA Measure  Wear Time Result 
TITLE: Measuring 
Activity Patterns 
Using Actigraphy in 
Multiple Sclerosis. 
AUTHOR: Kos, D., 
Nagels, G., 
D’Hooghe, M., 
Duquet, W., 
Illsbroukx, S., 
Delbeke, S., 
Kerckhofs, E. 
JOURNAL: 
Chronobiology 
International 
Year Published: 
2007.  
 
Cross-sectional 
Cohort Study. 
Belgium Sample Description: 
Convenience Sample from 
local MS centre.  
 
N: 19 
 
Disability Level (EDSS):  
Median= 5.5 , IQR= 5-6. 
 
Gender: 
Female= 9, Male= 10. 
 
Age (years): 
Mean= 47.2, SD= 12.1 
 
Device Used: 
ActiGraph 
 
Axis Direction of 
Device: 
Three axes 
 
Epoch: 
1 second 
 
PA Measure(s) Taken: 
1)  Energy expenditure 
(activity counts)  overall 
and during active hours 
which included 9 a.m. to 
9 p.m. 
Number of Days Worn: 
3 consecutive day period 
 
Wear Time During These 
Days: 
Reports removing device 
during showering, 
bathing or swimming. 
 
Position of Device 
During Wear Time: 
Worn on non-dominant 
wrist and ankle.  
1) Total activity 
counts (3-day mean): 
 
Ankle: 
Overall Mean (SD) = 
27478 (26427). 
Active Hours Mean 
(SD) = 40796 
(26312).  
 
Wrist: 
Overall Mean (SD) = 
5695 (49101) 
Active Hours Mean 
(SD) = 85429 
(41828) 
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Source Study Design Study 
Origin 
Participants Objective PA Measure  Wear Time Result 
TITLE: Self-efficacy 
and Environment 
Correlates of Physical 
Activity Among Older 
Women and Women 
with Multiple 
Sclerosis. 
AUTHOR: Morris, 
K., McAuley, E., 
Motl, R. 
JOURNAL: 
Health Education 
Research  
Year Published: 
2008.  
 
Cross-sectional 
Cohort Study. 
United 
States of 
America 
(USA) 
Sample Description: 
Convenience Sample from 
local MS centre.  
 
N: 173 
 
Disability Level:  
Not reported 
 
Gender: 
Female= 173. 
 
Age (years): 
Mean= 46.1, SD= 12.1 
 
Device Used: 
ActiGraph accelerometer 
 
Axis Direction of 
Device: 
Not reported.  
 
Epoch: 
Not reported.  
 
PA Measure(s) Taken: 
1) Daily average activity 
counts 
Number of Days Worn: 
7 day period 
 
Wear Time During These 
Days: 
Not reported 
 
Position of Device 
During Wear Time: 
Not reported. 
1) Daily average 
activity counts (7-
day mean): 
Mean (SD)= 219656 
(111720) 
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Source Study Design Study 
Origin 
Participants Objective PA Measure  Wear Time Result 
TITLE: Increasing 
Physical Activity in 
Multiple Sclerosis 
Using a Behavioural 
Intervention 
AUTHOR: Motl, R., 
Dlugonski, D. 
JOURNAL: 
Behavioural Medicine 
Year Published: 
2011. 
 
Cross-sectional 
Cohort Study. 
United 
States of 
America 
(USA) 
Sample Description: 
Control group of a previous 
randomised control trial  
 
N: 18 
 
Disability Level (PDSS):  
Median= 1, Range= 0-4.  
 
Gender: 
Male=2, Female= 16. 
 
Age (years): 
Mean= 45.1, SD= 9.5.  
 
Device Used: 
ActiGraph, model 7164 
accelerometer. 
 
Axis Direction of 
Device: 
Single, vertical axis. 
 
Epoch: 
1 minute.  
 
PA Measure(s) Taken: 
1) Activity counts per 
day 
2) Step counts per day.  
Number of Days Worn: 
7 day period 
 
Wear Time During These 
Days: 
Waking hours except 
while showering, bathing 
and swimming. 
 
Position of Device 
During Wear Time: 
Worn on an elastic belt 
around the waist at the 
non-dominant hip. 
1) Activity counts 
per day: 
Only reports change 
score. 
 
2) Step counts per 
day: 
Only reports change 
scores.  
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Source Study Design Study 
Origin 
Participants Objective PA Measure  Wear Time Result 
TITLE: 
Accelerometry and its 
Association with 
Objective Markers of 
Walking Limitations 
in Ambulatory Adults 
with Multiple 
Sclerosis. 
AUTHOR: Motl, R., 
Dlugonski, D., Suh, 
Y., Weikert, M., 
Fernhall, B., 
Goldman, M. 
JOURNAL: 
Archives of Physical 
Medicine and 
Rehabilitation 
Year Published: 
2010. 
 
Cross-sectional 
Cohort Study. 
United 
States of 
America 
(USA) 
Sample Description: 
Control group of a previous 
randomised control trial  
 
N: 26 
 
Disability Level:  
At most used a stick to 
mobilise.  
 
Gender: 
Male= 4, Female= 22. 
 
Age (years): 
Mean= 43.1, SD= 11.9.  
 
Device Used: 
ActiGraph, model 7164 
accelerometer. 
 
Axis Direction of 
Device: 
Single, vertical axis. 
 
Epoch: 
1 minute.  
 
PA Measure(s) Taken: 
1) Activity counts per 
day 
 
Number of Days Worn: 
7 day period 
 
Wear Time During These 
Days: 
< 10 hours a day and 
during waking hours 
except while showering, 
bathing and swimming. 
 
Position of Device 
During Wear Time: 
Worn on an elastic belt 
around the waist at the 
non-dominant hip. 
1) Activity counts 
per day: 
Mean (SD) = 
212,759 (101,823).  
 
 
  
 
 
 
 
 
  
264 
 
 
Source Study Design Study 
Origin 
Participants Objective PA Measure  Wear Time Result 
TITLE: Physical 
Activity and Self-
Reported 
Cardiovascular 
Comorbidities in 
Persons with Multiple 
Sclerosis: Evidence 
from a Cross-Sectional 
Analysis. 
AUTHOR: Motl, R., 
Fernhall, B., 
McAuley, E., Cutter, 
G. 
JOURNAL: 
Neuroepidemiology 
Year Published: 
2011. 
 
Cross-sectional 
Cohort Study. 
United 
States of 
America 
(USA) 
Sample Description: 
Combined samples from 
two different cohort studies. 
 
N: 561 
 
Disability Level (PDSS):  
Median= 2, Range= 0-6.  
 
Gender: 
Male= 93, Female= 468. 
 
Age (years): 
Mean= 47.0, SD= 10.1.  
 
Device Used: 
ActiGraph, model 7164 
accelerometer. 
 
Axis Direction of 
Device: 
Single, vertical axis. 
 
Epoch: 
1 minute.  
 
PA Measure(s) Taken: 
1) Activity counts per 
day 
 
Number of Days Worn: 
7 day period 
 
Wear Time During These 
Days: 
< 10 hours a day and 
during waking hours 
except while showering, 
bathing and swimming. 
 
Position of Device 
During Wear Time: 
Worn on an elastic belt 
around the waist at the 
non-dominant hip. 
1) Activity counts 
per day: 
Mean (SD) 
=215,812(110,508).  
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Source Study Design Study 
Origin 
Participants Objective PA Measure  Wear Time Result 
TITLE: Physical 
Activity and Cognitive 
Function in Multiple 
Sclerosis 
AUTHOR: Motl, R., 
Gappmaier, E., 
Nelson, K., Benedict, 
R. 
JOURNAL: 
Journal of Sport and 
Exercise Psychology 
Year Published: 
2011. 
 
Cross-sectional 
Cohort Study. 
United 
States of 
America 
(USA) 
Sample Description: 
Taken from those who went 
under neuropsychological 
and physical activity 
assessments before entrance 
to a wellness programme. 
 
N: 33 
 
Disability Level (EDSS):  
Median= 6, Range= 3.5-7, 
IQR= 2.25  
 
Gender: 
Male= 22, Female= 11. 
 
Age (years): 
Mean= 59, SD= 10.0.  
 
Device Used: 
Step Activity Monitor 
(SAM) 
 
Axis Direction of 
Device: 
Dual Axis. 
 
Epoch: 
1 minute.  
 
PA Measure(s) Taken: 
1) Step counts per day 
 
Number of Days Worn: 
7 day period 
 
Wear Time During These 
Days: 
> 8 hours a day during 
waking hours.  
  
Position of Device 
During Wear Time: 
Not reported.  
1) Step counts per 
day: 
Mean (SD) = 2,396 
(1,531).  
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Source Study Design Study 
Origin 
Participants Objective PA Measure  Wear Time Result 
TITLE: Physical 
inactivity, 
neurological disability, 
and cardiorespiratory 
fitness in Multiple 
Sclerosis.  
AUTHOR: Motl, R., 
Goldman, M.  
JOURNAL: 
Acta Neurologica 
Scandinavia 
Year Published: 
2011. 
 
Cross-sectional 
Cohort Study. 
United 
States of 
America 
(USA) 
Sample Description: 
Not reported. 
 
N: 25 
 
Disability Level (EDSS):  
Median= 6, Range= 3.5-7, 
IQR= 2.25  
 
Gender: 
Male= 0, Female= 25. 
 
Age (years): 
Mean= 42, SD= 9.4.  
 
Device Used: 
ACTi Graph 7164 
accelerometer 
 
Axis Direction of 
Device: 
Single axis.  
 
Epoch: 
1 minute.  
 
PA Measure(s) Taken: 
1) Activity counts per 
day 
 
Number of Days Worn: 
7 day period 
 
Wear Time During These 
Days: 
10 hours of wear time 
during waking hours, 
defined as the moment 
upon getting out of bed 
in the morning through 
the moment of getting 
into bed in the evening.  
 
Position of Device 
During Wear Time: 
Not reported.  
1) Activity counts 
per day: 
Mean (SD) = 
258,341 (131,483).  
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Source Study Design Study 
Origin 
Participants Objective PA Measure  Wear Time Result 
TITLE: Preliminary 
evidence that self-
efficacy predicts 
physical activity in 
Multiple Sclerosis.  
AUTHOR: Motl, R., 
McAuley, E., 
Doerksen, S., Hu L., 
Morris, K. 
JOURNAL: 
International Journal 
of Rehabilitation 
Research 
Year Published: 
2009. 
 
Cross-sectional 
Cohort Study. 
United 
States of 
America 
(USA) 
Sample Description: 
Local community 
recruitment with flyer 
distribution. 
 
N: 16 
 
Disability Level:  
Not reported 
 
Gender: 
Male= 2, Female= 14. 
 
Age (years): 
Mean= 43.4, SD= 8.7.  
 
Device Used: 
ACTi Graph 7164 
accelerometer 
 
Axis Direction of 
Device: 
Single axis.  
 
Epoch: 
1 second.  
 
PA Measure(s) Taken: 
1) Activity counts per 
day 
 
Number of Days Worn: 
5 day period 
 
Wear Time During These 
Days: 
Not reported 
 
Position of Device 
During Wear Time: 
Not reported.  
1) Activity counts 
per day: 
Mean (SD) = 
255,287 (123,833) 
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Source Study Design Study 
Origin 
Participants Objective PA Measure  Wear Time Result 
TITLE: Longitudinal 
Analysis of Physical 
Activity and 
Symptoms as 
Predictors of Change 
in Functional 
Limitations and 
Disability in Multiple 
Sclerosis.  
AUTHOR: Motl, R., 
McAuley, E.  
JOURNAL: 
Rehabilitation 
Psychology. 
Year Published: 
2009. 
 
Longitudinal 
Cohort Study. 
United 
States of 
America 
(USA) 
Sample Description: 
Convenience sample from 
National MS Society. 
 
N: 292 
 
Disability Level (PDSS):  
Median= 3, Range= 0-6.  
 
Gender: 
Male= 2, Female= 14. 
 
Age (years): 
Mean= 48.0, SD= 10.3.  
 
Device Used: 
ACTi Graph 
accelerometer 
 
Axis Direction of 
Device: 
Single axis.  
 
Epoch: 
1 minute.  
 
PA Measure(s) Taken: 
1) Activity counts per 
day 
 
Number of Days Worn: 
7 day period 
 
Wear Time During These 
Days: 
Waking hours was 
defined as the moment of 
getting out of bed in the 
morning through the 
moment of getting into 
bed in the evening, 
except when showering, 
bathing and swimming. 
 
Position of Device 
During Wear Time: 
Worn on an elastic belt 
around the waist on the 
non-dominant hip during 
the waking hours. 
1) Activity counts 
per day: 
Mean (SD) = 
220,006 (121,252) 
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Source Study Design Study 
Origin 
Participants Objective PA Measure  Wear Time Result 
TITLE: Longitudinal 
Change in Physical 
Activity and Its 
Correlates in 
Relapsing-Remitting 
Multiple Sclerosis.  
AUTHOR: Motl, R., 
McAuley, E., 
Sandroff, B. 
JOURNAL: 
Physical Therapy. 
Year Published: 
2013. 
 
Longitudinal 
Cohort Study. 
United 
States of 
America 
(USA) 
Sample Description: 
Recruited through a 
research advertisement on 
the National MS Society 
website.  
 
N: 269 
 
Disability Level (PDSS):  
Median= 3, Range= 0-3.  
 
Gender: 
Male= 46, Female= 223. 
 
Age (years): 
Mean= 45.9, SD= 9.2.  
 
Device Used: 
ACTi Graph 
accelerometer model 
7164. 
 
Axis Direction of 
Device: 
Single axis.  
 
Epoch: 
1 minute.  
 
PA Measure(s) Taken: 
1) Activity counts per 
day 
 
Number of Days Worn: 
7 day period 
 
Wear Time During These 
Days: 
Waking hours was 
defined as the moment of 
getting out of bed in the 
morning through the 
moment of getting into 
bed in the evening, 
except when showering, 
bathing and swimming. 
 
Position of Device 
During Wear Time: 
Worn on an elastic belt 
around the waist on the 
non-dominant hip during 
the waking hours. 
1) Activity counts 
per day: 
Mean (SD) = 
210,607 (595.70) 
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Source Study Design Study 
Origin 
Participants Objective PA Measure  Wear Time Result 
TITLE: Validity of 
physical activity 
measures in 
ambulatory 
individuals with 
Multiple Sclerosis.  
AUTHOR: Motl, R., 
McAuley, E., Snook, 
E., Scott, J. 
JOURNAL: 
Disability and 
Rehabilitation  
Year Published: 
2006. 
 
Validity Study United 
States of 
America 
(USA) 
Sample Description: 
Convenience sample from 
local MS Societies.  
 
N: 30 
 
Disability Level (EDSS):  
Median= 2.5, Range= 0-5.  
 
Gender: 
Male= 2, Female= 28. 
 
Age (years): 
Mean= 42.3, SD= 9.5.  
 
Device Used: 
1) Yamax SW-200 
pedometer. 
 
2) ACTi Graph 
accelerometer model 
7164. 
 
Axis Direction of 
Device: 
2) ACTi Graph 
accelerometer model 
7164- Single axis.  
 
Epoch: 
2) ACTi Graph 
accelerometer model 
7164- 1 minute.  
 
PA Measure(s) Taken: 
1) Yamax- Step counts 
per day.  
 
2) ACTi Graph 
accelerometer model 
7164- Activity counts 
per day.  
 
Number of Days Worn: 
7 day period 
 
Wear Time During These 
Days: 
Waking hours, except 
when showering, bathing 
and swimming. 
 
Position of Device 
During Wear Time: 
Worn on an elastic belt 
around the waist on the 
non-dominant hip during 
the waking hours. 
1) Step counts per 
day: 
Mean (SD) = 7097 
(3931) 
 
2) Activity counts 
per day: 
Mean (SD) = 
241,688 (120,972) 
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Source Study Design Study 
Origin 
Participants Objective PA Measure  Wear Time Result 
TITLE: Correlates of 
Physical Activity 
Among Individuals 
with Multiple 
Sclerosis.  
AUTHOR: Motl, R., 
Snook, E., McAuley, 
E., Scott, J., Douglass.  
JOURNAL: 
The Society of 
Behavioural Medicine 
Year Published: 
2006. 
 
Cross-sectional 
Cohort Study. 
United 
States of 
America 
(USA) 
Sample Description: 
Convenience sample from 
local MS Societies.  
 
N: 196 
 
Disability Level:  
Ambulatory with minimal 
assistance. 
 
Gender: 
Male= 23, Female= 173. 
 
Age (years): 
Mean= 46.1, SD= 9.8.  
 
Device Used: 
ActiGraph accelerometer 
model 7164.  
 
Axis Direction of 
Device: 
Single vertical axis.  
 
Epoch: 
1 minute.  
 
PA Measure(s) Taken: 
1) Activity counts per 
day.  
Number of Days Worn: 
7 day period 
 
Wear Time During These 
Days: 
Not reported. 
 
Position of Device 
During Wear Time: 
Not reported.  
1) Activity counts 
per day: 
Mean (SD) = 223, 
489 (114,543).  
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Source Study Design Study 
Origin 
Participants Objective PA Measure  Wear Time Result 
TITLE: Reliability of 
Scores From Physical 
Activity Monitor in 
Adults With Multiple 
Sclerosis.   
AUTHOR: Motl, R., 
Zhu, W,. Park, 
Youngsik, P., 
McAuley, E., Scott, J., 
Snook, E.   
JOURNAL: 
Adapted Physical 
Activity Quarterly.  
Year Published: 
2007. 
 
Reliability Study.  United 
States of 
America 
(USA) 
Sample Description: 
Convenience sample from 
local MS Societies.  
 
N: 193 
 
Disability Level:  
Walking with at most a 
cane.  
 
Gender: 
Male= 23, Female= 170. 
 
Age (years): 
Mean= 46.2, SD= 9.7.  
 
 Device Used: 
1) Yamax SW-200 
pedometer. 
 
2) ACTi Graph 
accelerometer model 
7164. 
 
Axis Direction of 
Device: 
2) ACTi Graph 
accelerometer model 
7164- Single axis.  
 
Epoch: 
2) ACTi Graph 
accelerometer model 
7164- 1 minute.  
 
PA Measure(s) Taken: 
1) Yamax- Step counts 
per day.  
 
2) ACTi Graph 
accelerometer model 
7164- Activity counts 
per day. 
Number of Days Worn: 
7 day period 
 
Wear Time During These 
Days: 
Waking hours (except 
when bathing, swimming 
or showering) were 
defined as the moment 
upon getting out of bed 
in the morning through 
the moment of getting 
into bed in the evening. 
Devices were not worn at 
night. 
 
Position of Device 
During Wear Time: 
Worn on non-dominant 
hip.  
1) Step counts per 
day: 
Mean (SD) = 5, 902 
(3,239) 
 
2) Activity counts 
per day: 
Mean (SD) = 
223,522 (115,358).  
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Source Study Design Study 
Origin 
Participants Objective PA Measure  Wear Time Result 
TITLE: 
Accelerometry as a 
Measure of Walking 
Behaviour in Multiple 
Sclerosis.   
AUTHOR: Motl, R., 
Pilutti, L., Sandroff, 
B.M., Dlugonski, D., 
Sosnoff, J., Pula, J. 
JOURNAL: 
ACTA Neurologica 
Scandinavia 
Year Published: 
2012. 
 
Validity Study. United 
States of 
America 
(USA) 
Sample Description: 
Community residing 
participants 
 
N: 256 
 
Disability Level (EDSS):  
Median= 4, Range= 0-6.5 
and IQR=3.5.  
 
Gender: 
Male= 48, Female= 208. 
 
Age (years): 
Mean= 49.5, SD= 10.2.  
 
Device Used: 
ActiGraph model GT3X 
 
Axis Direction of 
Device: 
Single vertical axis. 
 
Epoch: 
1 minute.  
 
PA Measure(s) Taken: 
1) Total activity counts 
per day. 
 
Number of Days Worn: 
7 day period 
 
Wear Time During These 
Days: 
Wear time was > 10 
hours with no periods of 
60 or more minutes of 
continuous zeros on the 
device. 
 
Position of Device 
During Wear Time: 
Not reported. 
1) Activity counts 
per day: 
Mean (SD) = 161, 
803 (94,366).  
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Source Study Design Study 
Origin 
Participants Objective PA Measure  Wear Time Result 
TITLE:  
Randomised 
Controlled Trial of a 
Behavioural 
Intervention Targeting 
Symptoms and 
Physical Activity in 
Multiple Sclerosis.  
AUTHOR: Pilutti, L., 
Dlugonski, D., 
Sandroff, B., Klaren, 
R., Motl, R. 
JOURNAL: 
Multiple Sclerosis 
Journal 
Year Published: 
2014. 
 
Randomised 
Control Trial 
(RCT). 
United 
States of 
America 
(USA) 
Sample Description: 
Flyer mailed to patients in 
the North American 
Research Committee on 
Multiple Sclerosis 
(NARCOMS) database who 
lived locally. 
 
N: 82 (Intervention= 41, 
Control=41).  
 
Disability Level (PDSS):  
Intervention: Median= 2 
and IQR=4.  
 
Control: Median= 3 and 
IQR=3. 
 
Gender: 
Intervention: Male= 11, 
Female= 30. 
 
Control: Male= 9, Female= 
32. 
 
Age (years): 
Intervention: 
Mean= 48.4, SD= 9.1.  
 
Control:  
Mean= 49.5, SD= 9.2.  
Device Used: 
ActiGraph model GT3X 
 
Axis Direction of 
Device: 
Single vertical axis. 
 
Epoch: 
1 minute.  
 
PA Measure(s) Taken: 
1) Minutes spent in 
MVPA.  
Number of Days Worn: 
7 day period 
 
Wear Time During These 
Days: 
>600minutes per day.  
 
Position of Device 
During Wear Time: 
Worn on elastic belt 
around the waist.  
 1) Minutes spent in 
MVPA:  
 
Intervention- Mean 
(SD)= 17.0 (22.4) 
 
 
Control- Mean 
(SD)= 16.2 (17.7)  
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Source Study Design Study 
Origin 
Participants Objective PA Measure  Wear Time Result 
TITLE: Correlation 
of Physical Activity 
with Perceived 
Cognitive Deficits in 
Relapsing-Remitting 
Multiple Sclerosis.   
AUTHOR: Prakash, 
R., Snook, E., Kramer, 
A., Motl, R. 
JOURNAL: 
International Journal 
of MS Care 
Year Published: 
2010. 
 
Cross-sectional 
Cohort Study 
United 
States of 
America 
(USA) 
Sample Description: 
Convenience sample  
 
N: 82 
 
Disability Level (EDSS):  
Median= 4.5, Range= 1-7.5  
 
Gender: 
Male= 14, Female= 68.  
 
Age (years): 
Mean= 47.5, SD= 11.3.  
 
Device Used: 
ActiGraph model 7164.  
 
Axis Direction of 
Device: 
Single vertical axis. 
 
Epoch: 
1 minute.  
 
PA Measure(s) Taken: 
1) Total activity counts 
per day. 
 
Number of Days Worn: 
7 day period 
 
Wear Time During These 
Days: 
Waking hours, except 
while showering, bathing 
and swimming.  
 
Position of Device 
During Wear Time: 
In a pouch that was worn 
on an elastic belt around 
the waist on the non-
dominant hip.  
1) Activity counts 
per day: 
Mean (SD) = 
207,420 (110,993).  
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Source Study Design Study 
Origin 
Participants Objective PA Measure  Wear Time Result 
TITLE: Physical 
Activity Associated 
with Increased 
Resting-State 
Functional 
Connectivity in 
Multiple Sclerosis.  
AUTHOR: Prakash, 
R., Patterson, B., 
Janssen, A., 
Abduljalil, A., Boster, 
A.  
JOURNAL: Journal 
of the International 
Neuropsychological 
Society. 
Year Published: 
2011.  
 
Cross-sectional 
Cohort Study 
United 
States of 
America 
(USA) 
Sample Description: 
Advertised through local 
media, NARCOMS and 
local MS centre.  
 
N: 45 
 
Disability Level (EDSS):  
Mean= 4.08, SD= 1.27 
 
Gender: 
Male= 11, Female= 34.  
 
Age (years): 
Mean= 45.18, SD= 8.28.  
 
Device Used: 
ActiGraph GT3X 
accelerometer, model 
764.  
 
Axis Direction of 
Device: 
Single vertical axis. 
 
Epoch: 
1 minute.  
 
PA Measure(s) Taken: 
1) Total activity counts 
per day. 
 
Number of Days Worn: 
7 day period 
 
Wear Time During These 
Days: 
Waking hours, except 
while showering, bathing 
and swimming.  
 
Position of Device 
During Wear Time: 
Worn on left waist/hip 
area.  
1) Activity counts 
per day: 
Mean (SD) = 
180,894.87 
(104,866.62).  
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Source Study Design Study 
Origin 
Participants Objective PA Measure  Wear Time Result 
TITLE: Promoting 
Physical Activity 
Through a Manual 
Wheelchair Propulsion 
Intervention in 
Persons with Multiple 
Sclerosis.  
AUTHOR: Rice, I., 
Rice, L., Motl, R.  
JOURNAL: Archives 
of Physical Medicine 
and Rehabilitation.  
Year Published: 
2015. 
 
Randomised 
Control Trial 
(RCT) 
United 
States of 
America 
(USA) 
Sample Description: 
Recruited through the North 
American Research 
Committee on MS, phone 
calls to previous research 
samples and local MS 
Society events.  
 
N: 14 (Intervention= 9 
Control=5).  
 
Disability Level:  
Full-time wheelchair  user. 
 
Gender: 
Intervention: Male= 3, 
Female= 6.  
 
Control: Male= 1, Female= 
4. 
 
Age (years): 
Intervention: Mean= 53.3, 
SD= 11.1.  
 
Control: Mean= 54, SD= 
0.4. 
 
Device Used: 
ActiGraph model GT3X.  
 
Axis Direction of 
Device: 
Single vertical axis. 
 
Epoch: 
1 minute.  
 
PA Measure(s) Taken: 
1) Total activity counts 
for 7 day period. 
 
Number of Days Worn: 
7 day period 
 
Wear Time During These 
Days: 
Waking hours.  
 
Position of Device 
During Wear Time: 
Worn like a wristwatch  
1) Activity counts 
for 7 day period: 
 
Intervention: Mean 
(SD) = 980,428.90 
(547,676.5).  
 
Control: Mean (SD) 
= 923,499.3 
(475,384.4). 
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Source Study Design Study 
Origin 
Participants Objective PA Measure  Wear Time Result 
TITLE: Do Patients 
with Multiple 
Sclerosis Show 
Different Daily 
Physical Activity 
Patterns From Healthy 
Individuals.  
AUTHOR: Rietberg, 
M., Wegen, E., 
Kollen, B., Kwakkel, 
G. 
JOURNAL: 
Neurorehabilitation 
and Neural Repair.  
Year Published: 
2014.  
 
Case Control Netherlands. Sample Description: 
Recruited from local 
outpatient database of local 
MS Centre and referring 
neurologists. 
 
N: 43 
 
Disability Level (EDSS):  
Median= 3.5, IQR= 2.5 
 
Gender: 
Male= 30, Female= 13  
 
Age (years): 
Mean= 48.7, SD=7.0.  
 
Device Used: 
Portable Activity 
Monitor (AM) 
 
Axis Direction of 
Device: 
Not reported.  
 
Epoch: 
Not reported.  
 
PA Measure(s) Taken: 
1) Dynamic Activity 
(hours: minutes) in 24 
hours.  
 
Number of Days Worn: 
One day. 
 
Wear Time During These 
Days: 
24 hour period. 
 
Position of Device 
During Wear Time: 
4 sensors attached to 
trunk and legs.  
1) Dynamic Activity 
(hours: minutes) in 
24 hours: Mean 
(SD)= 2:06 (0:48) 
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Source Study Design Study 
Origin 
Participants Objective PA Measure  Wear Time Result 
TITLE: Comparison 
of ActiGraph activity 
monitors in persons 
with Multiple 
Sclerosis and 
Controls.  
AUTHOR: Sandroff, 
B., Motl, R.  
JOURNAL: 
Disability and 
Rehabilitation. 
Year Published: 
2013.  
 
Case Control.  United 
States of 
America 
(USA).  
Sample Description: 
Convenience Sample.  
 
N: 41 
 
Disability Level (PDSS):  
Median= 1.0, Range= 0-4.  
 
Gender: 
Male= 5, Female= 36  
 
Age (years): 
Mean= 47.4, SD= 8.8.  
 
Device Used: 
Both the ActiGraph 
model 7164 and model 
GT3X accelerometers.  
 
Axis Direction of 
Device: 
Not reported.  
 
Epoch: 
1 minute.  
 
PA Measure(s) Taken: 
1) Activity counts per 
day.  
 
Number of Days Worn: 
7-day period. 
 
Wear Time During These 
Days: 
Waking hours, except 
while swimming, bathing 
or showering.  
 
Position of Device 
During Wear Time: 
Worn on elastic belt on 
the non-dominant hip 
1) Activity counts 
per day: Mean (SD) 
 
7164 model= 
215,153 (106, 224) 
 
GT3X model= 204, 
742 (106,882).  
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Source Study Design Study 
Origin 
Participants Objective PA Measure  Wear Time Result 
TITLE: Physical 
Activity and Multiple 
Sclerosis: New 
Insights Regarding 
Inactivity.  
AUTHOR: Sandroff, 
B., Dlugonski, D., 
Weikert, M., Suh, Y., 
Balantrapu, S., Motl, 
R.   
JOURNAL: ACTA 
Neurologica 
Scandanavia. 
Year Published: 
2012. 
 
Case Control United 
States of 
America 
(USA).  
Sample Description: 
Convenience Sample.  
 
N: 77 
 
Disability Level (PDSS):  
Median= 1.0, Range= 0-6.  
 
Gender: 
Male= 26, Female= 51 
 
Age (years): 
Mean= 47.3, SD= 9.7.  
 
Device Used: 
ActiGraph model 7164 
accelerometers.  
 
Axis Direction of 
Device: 
Not reported.  
 
Epoch: 
1 minute.  
 
PA Measure(s) Taken: 
1) Activity counts per 
day.  
 
2) Steps per day 
 
3) MVPA (minutes/day) 
 
*MS cut-off points of 
1723 counts per minute 
used for quantifying 
time spent in MVPA per 
day.  
 
Number of Days Worn: 
7-day period. 
 
Wear Time During These 
Days: 
Waking hours, except 
while swimming, bathing 
or showering.  
 
Position of Device 
During Wear Time: 
Worn on elastic belt on 
the non-dominant hip 
1) Activity counts 
per day: Mean (SD)= 
205,641 (122,33)  
 
2) Steps per day: 
Mean (SD)= 7,698 
(3,403) 
 
3) MVPA 
(minutes/day): Mean 
(SD)= 23.5 (25.1) 
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Source Study Design Study 
Origin 
Participants Objective PA Measure  Wear Time Result 
TITLE: Physical 
Activity is associated 
with cognitive 
processing speed in 
persons with Multiple 
Sclerosis.   
AUTHOR: Sandroff, 
B., Dlugonski, D., 
Pilutti, L., Pula, J., 
Benedict, R., Motl, R.   
JOURNAL: Multiple 
Sclerosis and Related 
Disorders.  
Year Published: 
2013. 
 
Cross-sectional 
Cohort Study. 
United 
States of 
America 
(USA).  
Sample Description: 
Convenience Sample.  
 
N: 212 
 
Disability Level:  
Ambulatory with or without 
use of an assitive device  
 
Gender: 
Male= 41, Female= 170 
 
Age (years): 
Mean= 50.0, SD= 10.3.  
 
Device Used: 
ActiGraph model GT3X 
accelerometers.  
 
Axis Direction of 
Device: 
Not reported.  
 
Epoch: 
1 minute.  
 
PA Measure(s) Taken: 
1) Activity steps per day.  
 
 
Number of Days Worn: 
7-day period. 
 
Wear Time During These 
Days: 
>10 hours of wear time 
during waking hours 
except during bathing, 
swimming and 
showering.  
 
Position of Device 
During Wear Time: 
Worn on elastic belt on 
the non-dominant hip 
1) Activity steps per 
day: Mean (SD)= 
4,385 (2,432)  
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Source Study Design Study 
Origin 
Participants Objective PA Measure  Wear Time Result 
TITLE: Physical 
Activity and Body 
Composition Among 
Ambulatory 
Individuals with 
Multiple Sclerosis.  
AUTHOR: Snook, E., 
Mojtahedi, M., Evans, 
E., McAuley, E., 
Motl, R.   
JOURNAL: 
International Journal 
of MS Care.   
Year Published: 
2005. . 
 
Cross-sectional 
Cohort Study. 
United 
States of 
America 
(USA).  
Sample Description: 
Convenience Sample from 
an urban location.   
 
N: 34 
 
Disability Level:  
Ambulatory with or without 
use of an assitive device  
 
Gender: 
Male= 2, Female= 32 
 
Age (years): 
Mean= 44.3, SD= 9.2.  
 
Device Used: 
1) ActiGraph model 
7164 accelerometers. 
 
2) Yamax SW-200 
pedometer. 
 
Axis Direction of 
Device: 
1) ActiGraph model 
7164 accelerometers- 
Single vertical axis.  
 
Epoch: 
1 minute.  
 
PA Measure(s) Taken: 
1) ActiGraph model 
7164- Activity steps per 
day. 
 
 2) Yamax SW-200 
pedometer- Step counts 
per day.  
 
 
Number of Days Worn: 
7-day period. 
 
Wear Time During These 
Days: 
Not reported.  
 
Position of Device 
During Wear Time: 
Both placed on a snug 
elastic belt worn on the 
non-dominant hip.  
1) Activity counts 
per day: Mean (SD)= 
234,548 (113,780)  
 
 
2) Steps per day: 
Mean (SD)= 7009 
(3705)  
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Source Study Design Study 
Origin 
Participants Objective PA Measure  Wear Time Result 
TITLE: The Effect of 
Walking Mobility on 
the Measurement of 
Physical Activity 
Using Accelerometer 
in Multiple Sclerosis.  
AUTHOR: Snook, E., 
Motl, R., Gilottoni, R. 
JOURNAL: Clinical 
Rehabilitation. 
Year Published: 
2009. 
Cross-sectional 
Cohort Study. 
United 
States of 
America 
(USA).  
Sample Description: 
Convenience Sample from 
local MS support groups 
and chapters.  
 
N: 74 
 
Disability Level (EDSS):  
Mean (SD)= 3.9 (1.8) 
 
Gender: 
Male= 13, Female= 61 
 
Age (years): 
Mean= 49.0, SD= 11.6.  
 
Device Used: 
1) ActiGraph model 
7164 accelerometers. 
 
Axis Direction of 
Device: 
Single vertical axis.  
 
Epoch: 
1 minute.  
 
PA Measure(s) Taken: 
1) Activity counts per 
day. 
 
Number of Days Worn: 
7-day period. 
 
Wear Time During These 
Days: 
Waking hours except 
while showering, bathing 
and swimming. Waking 
hours were defined as the 
moment from getting out 
of bed in the morning 
through the moment of 
getting into bed in the 
evening.  
 
Position of Device 
During Wear Time: 
Worn at the waist.  
1) Activity counts 
per day:  
 
EDSS<4.5: 
Mean (SD)= 243,635 
(113,866)  
 
EDSS >4.5: 
Mean (SD)= 
128,501(60,480)  
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Source Study Design Study 
Origin 
Participants Objective PA Measure  Wear Time Result 
TITLE: Falls and 
Physical Activity in 
Persons with Multiple 
Sclerosis.  
AUTHOR: Sosnoff, 
J., Sandroff, B., Pula, 
J., Morrison, S., Motl, 
R.  
JOURNAL: Multiple 
Sclerosis International 
Year Published: 
2012. 
Prospective 
Cohort Study. 
United 
States of 
America 
(USA).  
Sample Description: 
Not reported. 
 
N: 75 
 
Disability Level (EDSS):  
Median= 4, Range= 2.0-6.5 
 
Gender: 
Male= 16, Female= 59. 
 
Age (years): 
Mean= 52.1, SD= 12.1.  
 
Device Used: 
1) ActiGraph model 
GT3X accelerometers. 
 
Axis Direction of 
Device: 
Not reported.  
 
Epoch: 
Not reported.  
 
PA Measure(s) Taken: 
1) Steps per day. 
 
Number of Days Worn: 
7-day period. 
 
Wear Time During These 
Days: 
Waking hours.  
 
Position of Device 
During Wear Time: 
Worn on elastic belt 
around the waist on the 
non-dominant hip.  
1) Steps per day: 
Mean (SD)= 4,234 
(2567).  
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Source Study Design Study 
Origin 
Participants Objective PA Measure  Wear Time Result 
TITLE: Physical 
Activity, Disability, 
and Mood in the early 
stage of Multiple 
Sclerosis.  
AUTHOR: Suh, Y., 
Motl, R., Mohr, D.  
JOURNAL: 
Disability and Health 
Journal.  
Year Published: 
2010. 
Cross-sectional 
cohort study. 
United 
States of 
America 
(USA).  
Sample Description: 
Advertisements from three 
National MS Society 
chapters.  
 
N: 96 
 
Disability Level (PDSS):  
Mean= 1.9, SD= 1.7.  
 
Gender: 
Male= 21, Female= 75. 
 
Age (years): 
Mean= 42.8, SD= 10.2.  
 
Device Used: 
1) ActiGraph model 
7164 accelerometers. 
 
Axis Direction of 
Device: 
Not reported.  
 
Epoch: 
1 minute.  
 
PA Measure(s) Taken: 
1) Activity counts per 
day.  
 
Number of Days Worn: 
7-day period. 
 
Wear Time During These 
Days: 
10 waking hours, defined 
as the moment upon 
getting out of bed in the 
morning through the 
moment of getting into 
bed in the evening.   
 
Position of Device 
During Wear Time: 
Worn on elastic belt 
around the waist on the 
non-dominant hip.  
1) Activity counts 
per day: Mean (SD) 
= 251,486 (151,271).  
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Appendix 3.1 Summary of Included Studies in Chapter 3 
Abbreviations- RCT- Randomised Control Trial, EDSS- Expanded Disability Scale Score, PDSS- Patient Determined Disease Steps.   
Study  Population Intervention Comparison 
Group 
Physical 
Activity 
Outcome 
Bombardier 
et al 2013 
Number: 
Intervention: 44 Control: 48 
Gender (% Female):  
Intervention: 89% 
Control: 83% 
Age (Mean, SD years): 
Intervention: 47.1 (8.9) 
Control: 49.7 (7.9) 
Type of MS (%): 
Intervention: Relapsing-Remitting= 76% 
Control: Relapsing-Remitting= 75% 
Disability Level (Mean, SD): 
Not reported. 
 
Primary Mode of Delivery:   
Telephone  
Intervention: 
Counselling approach based on motivational interviewing (MI). Included two 
phases, building motivation to change followed by negotiating goals and action 
planning.  
Frequency: 
Initial face-face session in week 1 and 7 scheduled telephone calls in weeks 1, 2, 3, 
4, 6, 8 and 10. Final face-face session in week 12.  
Time: 
Phone sessions=30 minutes 
Face-face-=60 minutes 
Duration:  
12 weeks 
 
Wait-list 
Control  
Self-Report: 
7-Day 
Physical 
Activity 
Recall (7-
Day PAR) 
Carter et al 
2014 
Number: 
Intervention: 60 Control: 60 
Gender (% Female):  
Intervention: 71.7% 
Control: 71.7% 
Age (Mean, SD years): 
Intervention: 45.7 (9.1) 
Control: 46.0 (8.4) 
Type of MS (%): 
Intervention: Relapsing-Remitting= 85% 
Control: Relapsing-Remitting= 78% 
Primary Mode(s) of Delivery:   
Supervised group exercise (n=3) sessions and unsupervised home exercise session. 
Intervention: 
Supervised and home exercise sessions, largely aerobic (give choice of modaility). 
Sessions incorporated a behaviour change component as per the TransTheoretcial 
Model (TTM) using behaviour change techniques such as goal setting, social 
support, etc.).  
Frequency: 
During weeks 1-6 participants attended two supervised exercise sessions per week 
with one self-directed session at home. During weeks 7-12, participants attended 
one supervised session and carried out two sessions at home. 
Usual Care Self-Report: 
Godin 
Leisure 
Time 
Exercise 
Questionnair
e (GLTEQ) 
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Disability Level (Mean, SD): 
Intervention: EDSS= 3.8(1.5) 
Control: EDSS= 3.8(1.5) 
 
Time: 
60 minutes 
Duration:  
12 weeks 
 
Objective: 
Actigraph 
Acceleromet
er looking at 
daily 
movement 
and step 
counts. 
Carter et al 
2013 
Number: 
Intervention: 16 Control: 14 
Gender (% Female):  
Intervention: 87.5% 
Control: 85.7% 
Age (Mean, SD years): 
Intervention: 39.5 (6.5) 
Control: 40.9 (8.7) 
Type of MS (%): 
Not reported 
Disability Level (Mean, SD): 
Intervention: EDSS= 3.0(1.1) 
Control: EDSS= 3.1 (1.7) 
 
Primary Mode(s) of Delivery:   
Supervised group (n=3) exercise sessions and unsupervised home exercise session. 
Intervention: 
Supervised and home exercise sessions, largely aerobic (given choice of modality). 
Sessions incorporated a behaviour change component as per the TransTheoretcial 
Model (TTM) using behaviour change techniques such as goal setting, social 
support, etc.).  
Frequency: 
Two supervised sessions and one unsupervised home session per week.  
Time: 
60 minutes 
Duration:  
10 weeks 
Usual Care Self-Report: 
GLTEQ 
 
Coote et al 
2016 
Number: 
Intervention: 33 Control: 32 
Gender (% Female):  
Intervention: 87.9% 
Control: 81.3% 
Age (Mean, SD years): 
Intervention: 43.3 (9.9) 
Control: 41.9 (9.3) 
Type of MS (%): 
Intervention: Benign= 9.1% Primary 
progressive= 3.05% Relapsing-remitting= 
81.8% Secondary progressive= 0% 
Unknown= 6.05% 
Primary Mode(s) of Delivery:   
Supervised group and unsupervised home-based exercise sessions.  
Intervention: 
Social cognitive theory based education plus an exercise intervention. The goal of 
the exercise programme was to reach the physical activity guidelines for people 
with MS. Exercises consisted mostly of strengthening type exercises using a 
resistance band to increase progression. The exercise programme also included an 
aerobic component (walking), wherein participants were provided with a pedometer 
and asked to log their steps. Education sessions took place after each group exercise 
session. A telephone coaching call in the weeks without classes also.  
Frequency: 
Group exercise sessions: intervention weeks, 1, 2, 3, 5, 8, 10.  
Telephone calls: intervention weeks 4, 6, 7 and 9 
Control group 
received the 
same exercise 
intervention 
but non-
exercise 
related 
education.  
Self-Report: 
Godin 
Leisure 
Time 
Exercise 
Questionnair
e Health 
Index Score 
(GLTEQ HI) 
 
The 
International 
Physical 
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Control: Benign= 4.7% Primary 
progressive= 0% Relapsing-remitting= 
84.4% Secondary progressive= 4.7% 
Unknown= 6.2% 
Disability Level (Mean, IQR): 
Intervention: EDSS= 3.3 (0.7) 
Control: EDSS= 3.3 (0.7) 
 
Time: 
Group exercise session: 75- 90 minutes 
Duration:  
10 weeks 
Activity 
Questionnair
e (IPAQ) 
 
Objective: 
Sense Wear 
Armband- 
energy 
expenditure 
and steps per 
day.  
 
Dlugnoski et 
al 2012 
Number: 
Intervention: 22 Control: 23 
Gender (% Female):  
Intervention: 81.8% 
Control: 91.3% 
Age (Mean, SD years): 
Intervention: 48.5 (10.1) 
Control: 44.8 (9.1) 
Type of MS (%): 
Not reported 
Disability Level (Median, Range): 
Intervention: PDSS= 1.0(0-6) 
Control: PDSS= 1.0 (0-6) 
 
Primary Mode(s) of Delivery:   
Internet 
Intervention: 
Developed by Motl et al 2011. Content of the web intervention focused on 4 
principles of the Social cognitive theory (SCT):1) Self-efficacy, 2) Outcome 
Expectations, 3) Impediments, 4) Goal-Setting. Additionally, coaching sessions 
with a behaviour coach, the aim to increase website log-ins and reinforce website 
content. Participants were also encouraged to wear a pedometer and record daily 
steps.  
Frequency: 
Website content was made available on a weekly basis for first month, biweekly for 
second month and once in the third month. There were 7 one-one coaching 
sessions, four in the first month, two in the second month and one in the last.  
Time: 
Not reported 
Duration:  
12 weeks  
Wait-list 
Control 
Self-Report: 
GLTEQ 
 
Ennis et al 
2006 
Number: 
Intervention: 31 Control: 30 
Gender (% Female):  
Intervention: 81.8% 
Control: 91.3% 
Age (Mean, SD years): 
Primary Mode(s) of Delivery:   
Outpatient group sessions 
Intervention: 
Multi-disciplinary health promotion education programme. Split into five subjects: 
exercise and physical activity, lifestyle adjustment/fatigue management, stress 
management, nutritional awareness, responsible health practices.  
Wait-list 
Control 
Self-report: 
Health 
Promoting 
Lifestyle 
Profile II 
(HPLP II) 
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Intervention: 45(9) 
Control: 46(8) 
Type of MS (%): 
Intervention: Relapsing-Remitting= 50%, 
Primary Progressive= 16%, Other= 34% 
Control: Relapsing-Remitting= 40%, 
Primary Progressive= 20%, Other= 40% 
Disability Level (%): 
Intervention: EDSS 0-3= 22%, EDSS 3.5-
6.0= 69%, EDSS 6.5-7.0= 9%.  
Control: EDSS 0-3= 23%, EDSS 3.5-6.0= 
74%, EDSS 6.5-7.0= 3%.  
 
Frequency: 
Once weekly 
Time: 
3 hours 
Duration:  
8 week  
McAuley et 
al 2015 
Number: 
Intervention: 24  Control: 24 
Gender (% Female):  
Intervention: 75 
Control: 75 
Age (Mean, SD years): 
Intervention: 59.62(1.43) 
Control: 59.78 (1.50) 
Type of MS (%): 
Intervention: Relapsing-Remitting= 
66.7%, Primary Progressive= 4.2%, 
Other= 29.1 
Control: Relapsing-Remitting= 66.7%, 
Primary Progressive= 0%, Other= 33.3% 
Disability Level (%): 
Intervention: Use of assistive device=25% 
Control: Use of assistive device= 50% 
 
 
 
 
 
Primary Mode(s) of Delivery:   
DVD 
Intervention: 
Home-based exercise programme using a DVD, ‘FlexToBa’. Participant’s provided 
with resistance bands, a yoga mat and a FlexToBa handbook. Exercises consisted 
of balance, strength and flexibility and exercises were progressed over the 
intervention. Participants received a call biweekly for the first two months, and a 
monthly call thereafter. These calls provided exercise ‘tips of the day’.  
Frequency: 
Three times weekly 
Time: 
Not specified 
Duration:  
6 months 
Provided with 
a ‘Healthy 
Ageing’, 85 
minute long, 
documentary 
on DVD. 
Also, received 
phone calls on 
the same 
schedule as 
the 
intervention 
group but 
given a ‘health 
tip of the day’.  
Self-Report: 
GLTEQ 
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Motl et al 
2011 
Number: 
Intervention: 23  Control: 25 
Gender (% Female):  
Intervention: 91.3% 
Control: 88% 
Age (Mean, SD years): 
Intervention: 46.1 (10.4) 
Control: 45.6 (9.2) 
Type of MS (%): 
Not reported 
Disability Level (Mean, SD): 
Intervention: PDSS= 2.0 (1.8) 
Control: 2.1 (1.9) 
 
Primary Mode(s) of Delivery:   
Internet 
Intervention: 
Content of the web intervention focused on 4 principles of the Social cognitive 
theory (SCT):1) Self-efficacy, 2) Outcome Expectations, 3) Impediments, 4) Goal-
Setting. Additionally, chat sessions were conducted twice per week, including an 
ongoing participant forum for discussion of physical activity behaviour change. 
This was supported by automated email announcements about new content on the 
web. Participants were also encouraged to wear a pedometer and record daily steps.  
Frequency: 
Website content was made available on a weekly basis for first month, biweekly for 
second month and once in the third month.  
Time: 
Not reported 
Duration:  
12 weeks 
Wait-list 
Control 
Self-Report: 
GLTEQ 
Pilutti et al 
2014 
Number: 
Intervention: 41  Control: 41 
Gender (% Female):  
Intervention: 73% 
Control: 78% 
Age (Mean, SD years): 
Intervention: 48.4 (9.1) 
Control: 49.5 (9.2) 
Type of MS (%): 
Intervention: Relapsing Remitting= 75.6% 
Secondary Progressive= 19.5% Primary 
Progressive= 4.9% 
Control: Relapsing Remitting= 82.9% 
Secondary Progressive= 4.9% Primary 
Progressive= 12.2%.  
Disability Level (Median, IQR): 
Intervention: PDSS= 2.0 (4.0) 
Control: 3.0 (3.0) 
 
Primary Mode(s) of Delivery:   
Internet 
Intervention: 
Content of the web intervention as in Motl et al 2011. Additionally, there were 15 
web-based video coaching sessions, with seven occurring in the first 2 months, six 
in the second 2 months, and only 2 in the final 2 months. Participants were also 
encouraged to wear a pedometer and record daily steps for 6 month period.  
Frequency: 
Website content was made available 7 times during the first 2 months, four times 
during the second 2 months and twice during the final 2 months.  
Time: 
Not reported 
Duration:  
6 months.  
Wait-list 
Control 
Self-Report: 
GLTEQ 
 
Objective: 
Acceleromet
er- minutes 
of moderate-
vigorous 
physical 
activity 
(MVPA) 
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Plow et al 
2014 
Number: 
Intervention: 14 Control: 16 
Gender (% Female):  
Intervention: 100% 
Control: 100% 
Age (Mean, SD years): 
Intervention: 47 (9.0) 
Control: 48 (10.0) 
Type of MS (%): 
Intervention: Relapsing Remitting= 100%  
Control: Relapsing Remitting= 100%  
Disability Level (Mean, SD): 
Intervention: PDSS= Not reported 
Control: Not reported 
Primary Mode(s) of Delivery:   
Home-based exercise and pamphlets  
Intervention: 
Based on the TransTheorestical model and Social Cognitive Theory (SCT). The 
intervention consisted of 1) prescribing a home exercise programme, 2) mailing 
customised pamphlets about physical activity and 3) symptom self-management.  
Frequency: 
Exercise programme conducted 3-5 days per week.  
Time: 
Exercise programme conducted for 30-45 minutes. 
Duration:  
12 weeks.  
Delayed 
Treatment 
Group  
Self-Report: 
GLTEQ 
 
The Physical 
Activity and 
Disability 
Survey-
revised 
(PADS).  
Rice et al 
2015 
Number: 
Intervention: 9 Control: 5 
Gender (% Female):  
Intervention: 66.6% 
Control: 80% 
Age (Mean, SD years): 
Intervention: 53.3 (11.1) 
Control: 54 (0.4) 
Type of MS (%): 
Intervention: Relapsing Remitting=44.5%, 
Secondary Progressive=33.3% Primary 
Progressive= 22.2%.  
Control: Relapsing Remitting= 40%, 
Secondary Progressive=40%, Primary 
Progressive= 20%.  
Disability Level (Mean, SD): 
Not reported.   
Primary Mode(s) of Delivery:   
Home-based exercise 
Intervention: 
Participants received a custom fit, ultra-lightweight manual wheelchair with 
propulsion/skills training to promote physical activity. Given weekly phone calls to 
deliver support through a multifactorial intervention, based on Social Cognitive 
Theory.  
Frequency: 
Continuous 
Time: 
Not applicable 
Duration:  
12 weeks 
 
Wait-list 
Control 
Objective: 
Acceleromet
er- wrist 
worn and 
provided 
activity 
counts per 
day.  
Sandroff et 
al 2014 
Number: 
Intervention: 37 Control: 39 
Gender (% Female):  
Intervention: 100% 
Primary Mode(s) of Delivery:   
Internet 
Intervention: 
Content of the web intervention as in Pilutti et al 2014.  
Wait-list 
control 
Self-Report: 
IPAQ  
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Control: 100% 
Age (Mean, SD): 
Intervention: 48.8 (9.0) 
Control: 50.4 (8.5) 
Type of MS (%): 
Intervention: Relapsing Remitting= 82.1% 
Control: Relapsing Remitting=  75.7% 
Disability Level (Range): 
Intervention: PDSS= 0-6 
Control: 0-6 
Frequency: 
Website content was made available 7 times during the first 2 months, four times 
during the second 2 months and twice during the final 2 months.  
Time: 
Not reported 
Duration:  
12 weeks 
 
 
 
 
Stuifbergen 
et al 2003 
Number: 
Intervention:76  Control: 66 
Gender (% Female):  
Intervention: 100% 
Control: 100% 
Age (Mean, SD years): 
Total: 45.79 (10.09)  
Type of MS (%): 
Total: Relapsing Remitting= 55% 
Disability Level (Mean, SD): 
Not reported.  
Primary Mode(s) of Delivery:   
Group sessions and telephone follow-up 
Intervention: 
Designed to engage the participants in assessing their present health behaviours, 
setting meaningful goals for change and addressing the barriers, resources and 
skills necessary to change those behaviours. Two phases; 1) an educational and 
skill building lifestyle change programme and 2) supportive telephone follow-ups.  
Frequency: 
Group sessions were conducted once a week. Phone-calls were conducted bi-
monthly.  
Time:  
Group sessions were 90 minutes.  
Duration:  
Group session lasted for 8 weeks and the phone-calls were conducted after the 8 
weeks for 3 months.  
 
Wait-list 
control 
Self-Report: 
HPLP II 
Suh et al 
2015 
Number: 
Intervention: 34  Control: 34 
Gender (% Female):  
Intervention: 88.2% 
Control: 76.5% 
Age (Mean, SD years): 
Intervention: 50.1 (8.1) 
Control: 48.0 (9.4) 
Primary Mode(s) of Delivery:   
Newsletters and Phone-calls.  
Intervention: 
Participants received Social Cognitive Theory (SCT) based newsletters once a 
week. Also received phone-calls to discuss the content of the newsletters and were 
given a pedometer to track step count.  
Frequency: 
Newsletters- once a week, phone-calls- twice a week.  
Control group 
received 
newsletters 
providing 
information 
not related to 
physical 
activity.  
Self-Report: 
GLTEQ 
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Type of MS (%): 
Intervention: Relapsing Remitting= 100%  
Control: Relapsing Remitting= 100%  
Disability Level (Mean, SD): 
Intervention: PDSS= 2.0 (1.8) 
Control: PDSS= 2.2 (1.8) 
Time: 
Phone-calls were 15 minutes 
Duration:  
6 weeks 
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Appendix 4.1 Summary of Included Cohort Studies in Chapter 4 
Source 
 
Design  Participants  Physical Activity 
Outcome Measure 
Psychosocial Construct 
Measure 
Summary of 
Significant Correlation 
Results 
TITLE: Social cognitive correlates 
of physical activity in inactive adults 
with Multiple Sclerosis.  
AUTHOR: Dlugonski, D., 
Wojcicki, T., McAuley., E., Motl, R.  
JOURNAL: 
International Journal of 
Rehabilitation Research 
Year Published: 2011 
 
 
Baseline data 
from online 
intervention.  
N= 54 
 
Disability Level (PDDS):  
Median= 2, Range- 0-6.  
 
Gender: 
Female= 45, Male= 10 
 
Age (years): 
Mean= 46.1, SD= 9.9 
 
Godin Leisure-Time 
Exercise Questionnaire 
(GLTEQ) 
Self-Efficacy: 
Exercise Self-Efficacy 
Scale (EXSE) 
 
Outcome Expectancies: 
Multidimensional 
Outcomes Expectations 
for Exercise Scale 
(MOEES) 
 
Goal-Setting: 
Exercise Goal-setting 
Scale (EGS) 
Correlation analysis 
indicated that PA was 
significantly correlated 
with outcome 
expectancies (r= 0.29) 
and goal setting (r= 
0.31) but not self-
efficacy (r=0.13).  
 
Multiple linear 
regression analysis 
indicated that only goal 
setting was significantly 
associated with PA (B= 
0.31).   
TITLE: The role of outcome 
expectations and self-efficacy in 
explaining physical activity 
behaviours of individuals with 
Multiple Sclerosis. 
AUTHOR: Ferrier, S., Dunlop, N., 
Blanchard, C. 
JOURNAL: 
Behavioural Medicine 
Year Published: 2010 
Prospective 
Cohort Study 
(1 month) 
N= 76 
 
Disability Level:  
60.5% used an aid  
 
Gender: 
Female= 58, Male= 18 
 
Age (years): 
Mean= 50.58, SD= 10.37 
 
GLTEQ Self-Efficacy: 
Modified version of the 
Barrier Self-Efficacy Scale 
 
Task Self-Efficacy Scale. 
 
Outcome Expectancies: 
Outcome Expectancies 
Scale 
Regression analysis 
showed that self-
efficacy (B= 0.41) and 
outcome expectancies 
(B= 0.27) directly 
influenced PA, and that 
self-efficacy directly 
influenced outcome 
expectations (B= 0.28).  
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TITLE: Health Beliefs and physical 
activity behaviour in adults with 
Multiple Sclerosis. 
AUTHOR: Kasser, S., Kosma, M. 
JOURNAL: 
Disability and Health Journal  
Year Published: 2012 
Cross-sectional 
Online Survey 
N= 348 
 
Disability Level (Mild, 
moderate severe):  
Mild: Mean= 216, SD= 
62.1 
Moderate: Mean= 122, 
SD= 35.1 
Gender: 
Female= 291, Male= 57 
 
Age (years): 
Mean= 50.32, SD= 11.01 
Physical Activity Scale 
for Individuals with 
Physical Disabilities 
(PASIPD). 
Self-Efficacy: 
14 item Self-Efficacy 
Scale 
 
Health Beliefs: 
The Health Belief Scale 
Based on stepwise 
multiple regression 
analysis, the most 
important Health Beliefs 
predictors of PA were 
self-efficacy ( p < 0.001) 
and perceived benefits 
of exercise ( p <0.001). 
TITLE: Exploring the facilitators 
and barriers to engagement in 
physical activity for people with 
Multiple Sclerosis. 
AUTHOR: Kayes, N., McPherson, 
K., Schluter, P., Taylor, D., Leete, 
M., Kolt., G.  
JOURNAL: 
Disability and Rehabilitation 
Year Published: 2011 
Cross-sectional 
questionnaire 
design 
N= 282 
 
Disability Level (Guys 
Neurological Disability 
Scale):  
Mean= 15.9, SD= 9.4 
 
Gender: 
Female= 222, Male= 60 
 
Age (years): 
Mean= 52, Range= 23-83.  
Physical Activity 
Disability Survey- 
Revised (PADS-R) 
Self-efficacy: 
Multiple Sclerosis Self-
efficacy Scale (MSSS) and 
a behaviour specific self-
efficacy scale, Self-
efficacy for Chronic 
Diseases Scale.  
 
Health Beliefs: 
The Cognitive and 
Behavioural Responses to 
Symptoms Questionnaire 
(CBSQ) 
 
Barriers to Physical 
Activity: 
The Barriers to Health 
Promoting Activities for 
Disabled Persons Scale 
(BHADP). 
 
 
Multivariate stepwise 
regression analyses 
found that greater self-
efficacy and lower 
number of perceived 
barriers to PA accounted 
for a significant 
proportion of variance in 
PA behaviour. Although 
fear avoidance beliefs 
accounted for a 
significant proportion of 
variance in the initial 
analyses, its effect was 
explained by other 
factors in the final 
multivariable analyses.  
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TITLE: Validation of the 
multidimensional outcome 
expectations for exercise scale in 
ambulatory, symptom-free persons 
with Multiple Sclerosis. 
AUTHOR: McAuley, E., Motl., R., 
White, S., Wojcicki, T. 
JOURNAL: Archives of Physical 
Medicine and Rehabilitation 
Year Published: 2010 
Cross-sectional 
validation study 
N= 242 
 
Disability Level (PDDS):  
Median= 2.0, Range= 0-6. 
 
Gender: 
Female= 206, Male= 36.  
 
Age (years): 
Mean= 48.67, SD= 10.14.  
GLTEQ 
 
Acti-Graph 
Accelerometer(7-day 
day total movement 
counts) 
Self-Efficacy: 
MSSS, EXSE.  
 
Outcome Expectancies: 
MOESS 
Significant correlation 
between subjective and 
objective PA with 
stronger physical (r= 
0.17, p=0.008; r= 0.22, 
p=0.001), self-
evaluative (r= 0.19, p= 
0.004); r= 0.20, p= 
0.002) and social 
(r=0.20, p=0.002, r= 0.9, 
p=0.003) outcome 
expectancies.  
 
Also, higher self-
efficacy was 
significantly associated 
with physical (r= 0.32, p 
<0.001), self-evaluative 
(r= 0.33, p <0.001), 
social (r= 0.18, 
p=0.006), outcome 
expectancies.  
 
TITLE: Self-efficacy and 
environmental correlates of physical 
activity among older women and 
women with Multiple Sclerosis. 
AUTHOR: Morris., K., McAuley., 
E., Motl, R.  
JOURNAL: Health Education 
Research 
Year Published: 2008.  
Prospective 
Cohort Study 
N= 173 
 
Disability Level:  
Not reported 
 
Gender: 
Female= 173.  
 
Age (years): 
Mean= 46.1, SD= 9.5 
Acti-Graph 
Accelerometer(7-day 
day total movement 
counts 
Self-Efficacy: 
EXSE 
Significant correlation 
between objective PA 
and self-efficacy (r= 
0.34, p < 0.01).  
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TITLE: Outcome expectations and 
physical activity in persons with 
longstanding Multiple Sclerosis.  
AUTHOR: Morrison, J., 
Stuifbergen, A.  
JOURNAL: American Association 
of Neuroscience Nurses.  
Year Published: 2014.  
Survey data from 
part of an ongoing 
15 year 
longitudinal 
study.  
N= 369.  
 
Disability Level:  
Notreported  
 
Gender: 
Female= 315, Male= 54.   
 
Age (years): 
Mean= 61.4, SD=9.3.  
HPLP 11 Physical 
Activity Scale. 
 
HAP 
Outcome Expectancies: 
MOEES 
Physical (p= 0.02) and 
social (p=0.00) outcome 
expectations explained 
12% of the variance in 
PA engagement as per 
the HPLP 11. Whereas 
none of the outcome 
expectancy dimensions 
contributed to the 
variance in PA 
capability as per the 
HAP.   
TITLE: Symptom Cluster as a 
Predictor of Physical Activity in 
Multiple Sclerosis: Preliminary 
Evidence.  
AUTHOR: Motl., R., McAuley, E. 
JOURNAL: Journal of Pain and 
Symptom Management 
Year Published: 2009.  
Prospective study 
design.  
N= 292 
 
Disability Level:  
Not reported 
 
Gender: 
Female= 245, Male= 47.   
 
Age (years): 
Mean= 48, SD=10.3.  
Acti-Graph 
Accelerometer (7-day 
total movement counts) 
 
GLTEQ 
Self-Efficacy: 
EXSE 
Significant correlation 
between EXSE and both 
subjective and objective 
PA (p <0.05).  
TITLE: Pathways between physical 
activity and quality of life in adults 
with Multiple Sclerosis. 
AUTHOR: Motl, R., McAuley, E.  
JOURNAL: Health Pyschology 
Year Published: 2009 
Prospective Study 
Design 
N= 292 
 
Disability Level (PDDS):  
Median= 3.0, Range= 0-6.  
 
Gender: 
Female= 245, Male= 47.   
 
Age (years): 
Mean= 48, SD=10.3. 
Acti-Graph 
Accelerometer (7-day 
total movement counts) 
 
GLTEQ 
Self-Efficacy: 
MSSS. 
 
Social Support: 
Social Provisions Scale 
(SPS) 
A change in PA was 
associated with residual 
changes in social 
support (γ= 0.07), and 
self-efficacy (γ= 0.11).  
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TITLE: Physical Activity, Self-
Efficacy, and Quality of Life in 
Multiple Sclerosis. 
AUTHOR: Motl, R., Snook., E.  
JOURNAL: Annals of Behavioural 
Medicine 
Year Published: 2008 
Prospective Study 
Design.  
N= 133 
 
Disability Level 
(Expanded Disability 
Status Scale - EDSS):  
Median= 5.5, Range= 1-
8.5.  
 
Gender: 
Female= 104, Male= 29.   
 
Age (years): 
Mean= 51.1, SD=11.4. 
GLTEQ Self-Efficacy: 
MSSS. 
 
Path coefficients 
indicated that PA was 
significantly associated 
with self-efficacy 
subscales of both control 
(γ=0.27, p=0.002) and 
function (γ =0.30, 
p=0.001).  
TITLE: Correlates of Physical 
Activity Among Individuals with 
Multiple Sclerosis.  
AUTHOR: Motl, R., Snook., E., 
McAuley, E., Scott, J., Douglass, M.  
JOURNAL: The Society of 
Behavioural Medicine.  
Year Published: 2006  
Prospective Study 
Design.  
N= 196 
 
Disability Level:  
Not reported.  
 
Gender: 
Female= 173, Male= 20.   
 
Age (years): 
Mean= 46.1, SD=9.8. 
Acti-Graph 
Accelerometer(7-day 
day total movement 
counts) 
 
GLTEQ 
Self-Efficacy: 
EXSE 
 
Social Support: 
Social Provisions Scale 
(SPS) 
 
Enjoyment: 
18 item Physical Activity 
Enjoyment Scale (PACES) 
Enjoyment (p < 0.001) 
and social support (p 
<0.05) had statistically 
significant direct 
relations with self-
efficacy, and self-
efficacy ( p <0.001) and 
enjoyment (p <0.001) 
had statistically 
significant direct 
relations with PA.  
TITLE: Symptoms, Self-Efficacy, 
and Physical Activity Among 
Individuals with Multiple Sclerosis.  
AUTHOR: Motl, R., Snook., E., 
McAuley, E., Gliottoni, R.   
JOURNAL: Research in Nursing 
and Health  
Year Published: 2006 
Prospective Study 
Design. 
N= 196 
 
Disability Level:  
Not reported.  
 
Gender: 
Female= 173, Male= 20.   
 
Age (years): 
Mean= 46.1, SD=9.8. 
Acti-Graph 
Accelerometer(7-day 
day total movement 
counts) 
 
GLTEQ 
Self-Efficacy: 
EXSE, MSSS and Barriers 
Specific Self-Efficacy 
Scale (BSSE).  
 
Significant correlations 
between exercise self-
efficacy and both 
subjective and objective 
PA (p < 0.001).  
 
Significant correlations 
between barrier self-
efficacy and both 
subjective and objective 
PA (p < 0.001).  
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TITLE: Physical Activity 
Behaviour in Individuals with 
Secondary Progressive Multiple 
Sclerosis. 
AUTHOR: Motl, R., Snook, E., 
Wynn, D.  
JOURNAL: International Journal 
of MS Care 
Year Published: 2007 
Cross-sectional 
Questionnaire 
Design 
Secondary Progressive 
MS: 
  
N= 41 
 
Disability Level:  
Not reported., all 
secondary progressive. 
 
Gender: 
Female= 27, Male= 14.   
 
Age (years): 
Mean= 57.3, SD=8.6. 
 
Relapsing Remitting MS: 
 
N= 82 
 
Disability Level:  
Not reported., all 
secondary progressive. 
 
Gender: 
Female= 56, Male= 26.   
 
Age (years): 
Mean= 47.5, SD=11.3. 
Short Form- 
International Physical 
Activity Questionnaire 
(IPAQ-S) 
 
Self-Efficacy: 
EXSE 
 
The correlation analysis 
indicated a significant 
association between 
self-efficacy and PA in 
secondary progressive 
MS group.  
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TITLE: Preliminary evidence that 
self-efficacy predicts physical 
activity in Multiple Sclerosis. 
AUTHOR: Motl, R., McAuley, E., 
Doerksen, S., Hu, L., Morris, K..  
JOURNAL: International Journal 
of Rehabilitation Research.  
Year Published: 2009  
Cross-sectional 
and prospective 
research design.  
N= 16 
 
Disability Level:  
Not reported.  
 
Gender: 
Female= 14, Male= 2.   
 
Age (years): 
Mean= 43.4, SD=8.7. 
Acti-Graph 
Accelerometer(5-day 
day total movement 
counts) 
Self-Efficacy: 
EXSE, BSSE.  
 
EXSE scores were 
moderately correlated 
with baseline (r= 0.42, 
p= 0.05) and follow-up 
(r = 0.40, p=0.06) levels 
of PA.  
 
BSSE scores were 
moderately correlated 
with follow-up levels of 
PA ( r= 0.44, p=0.04) 
and weakly correlated 
with baseline levels of 
PA (r=0.27, p=0.15) 
TITLE: Physical activity, self-
efficacy, and health-related quality 
of life in persons with Multiple 
Sclerosis: analysis of associations 
between individual-level changes 
over one year.  
AUTHOR: Motl, R., McAuley, E., 
Wynn, D., Sandroff, B., Suh, Y.  
JOURNAL: Quality of Life 
Research.  
Year Published: 2013.  
Prospective Study N= 269 
 
Disability Level (PDSS):  
Median= 2, Range= 0-6.  
 
Gender: 
Female= 223, Male= 46.   
 
Age (years): 
Mean= 45.9, SD=9.6. 
GLTEQ Self-Efficacy: 
MSSS 
There is a significant 
correlation between PA 
and self-efficacy at both 
baseline (r= 0.217, p 
<0.001, r=0.243, p 
<0.001) and follow-up 
(r= 0.235, p <0.001, 
r=0.182, p <0.005) in 
the functioning and 
control subscales 
respectively.  
TITLE: Longitudinal change in 
physical activity and its correlates in 
relapsing-remitting Multiple 
Sclerosis.  
AUTHOR: Motl, R., McAuley, E., 
Sandroff, B.  
JOURNAL: Physical Therapy. 
Year Published: 2013. 
Prospective 
Longitudinal 
Research Design 
N= 269 
 
Disability Level (PDSS):  
Median= 2, Range= 0-6.  
 
Gender: 
Female= 223, Male= 46.   
 
Age (years): 
Mean= 45.9, SD=9.6. 
Acti-Graph 
Accelerometer (7-day 
total movement counts) 
 
IPAQ 
Self-Efficacy: 
EXSE 
The changes in PA were 
associated with change 
in self-efficacy (B= 0.49 
and B= 0.61, 
respectively).  
301 
 
 
TITLE: Physical activity 
behaviours in individuals with 
multiple sclerosis: roles of overall 
and specific symptoms, and self-
efficacy. 
AUTHOR: Snook, E., Motl, R.  
JOURNAL: Journal of Pain and 
Symptom Management 
Year Published: 2008.  
Prospective 
Research Design 
N= 80 
 
Disability Level (EDSS):  
Mean= 3.9, SD= 1.8.  
 
Gender: 
Female= 65, Male= 15.   
 
Age (years): 
Mean= 49.0, SD=11.4. 
Acti-Graph 
Accelerometer(7-day 
day total movement 
counts) 
Self-Efficacy: 
EXSE 
Self-efficacy was 
significantly and 
moderately correlated 
with PA (r= 0.39, p 
<0.0001). 
TITLE: The perceived benefits and 
barriers to exercise participation in 
persons with Multiple Sclerosis. 
AUTHOR: Stroud, N., Minahan, 
C., Sabapathy, S. 
JOURNAL: Disability and 
Rehabilitation.  
Year Published: 2009.  
Cross-sectional 
Survey Design.  
  
N= 93.  
 
Disability Level (PDSS):  
0= 13%, 1= 30%, 2= 
13%, 3= 10%, 4= 14%, 
5= 12%, 6= 8%.  
 
Gender: 
Female= 76, Male= 17.   
 
Age (years): 
Range= 27-65 
IPAQ Self-Efficacy: 
EXSE 
 
Health Beliefs: 
Exercise Benefits and 
Barriers Scale (EBBS) 
Significant difference in 
self-efficacy (p <0.001), 
benefits (p <0.001), and 
barriers (p <0.05) to 
exercise in the exercise 
group compared to the 
non-exercising group.  
TITLE: Social cognitive correlates 
of physical activity: Findings from a 
cross-sectional study of adults with 
relapsing-remitting Multiple 
Sclerosis. 
AUTHOR: Suh, Y., Weikert, M., 
Dlugonski, D., Sandroff, B., Motl, 
R. 
JOURNAL: Journal of Physical 
Activity and Health.  
Year Published: 2011 
Cross-sectional 
Study Design 
N= 218 
 
Disability Level (PDSS):  
Median= 1, Range= 0-6. 
 
Gender: 
Female= 197, Male= 21.   
 
Age (years): 
Mean= 43.5, SD=10.0 
GLTEQ 
IPAQ 
Self-Efficacy: 
EXSE 
 
Outcome Expectancies: 
MOESS 
 
Goal-Setting: 
EGS 
Self-efficacy had 
indirect effects on PA 
via outcome 
expectancies (path 
coefficient = 0.07, p 
<0.025) and goal-setting 
(path coefficient = 0.09, 
p <0.01).  
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TITLE: Social cognitive variables 
as correlates of physical activity in 
persons with Multiple Sclerosis: 
Findings from a longitudinal, 
observational study.  
AUTHOR: Suh, Y., Weikert, M., 
Dlugonski, D., Balantrapu, S., Motl, 
R. 
JOURNAL: Behavioural Medicine. 
Year Published: 2011 
Longitudinal 
Observational 
Study Design 
N= 218 
 
Disability Level (PDSS):  
Median= 1, Range= 0-6. 
 
Gender: 
Female= 197, Male= 21.   
 
Age (years): 
Mean= 43.5, SD=10.0 
GLTEQ 
IPAQ 
Self-Efficacy: 
EXSE 
 
Outcome Expectancies: 
MOESS 
 
Goal-Setting: 
EGS 
Self-efficacy had 
indirect effects on PA 
via outcome 
expectancies (path 
coefficient= 0.07, p 
<0.025), and goal-
setting (path 
coefficient= 0.09, p < 
0.01).  
TITLE: Social cognitive variables 
as correlates of physical activity in 
persons with Multiple Sclerosis: 
Findings from a longitudinal, 
observational study.  
AUTHOR: Suh, Y., Weikert, M., 
Dlugonski, D., Balantrapu, S., Motl, 
R. 
JOURNAL: Behavioural Medicine. 
Year Published: 2011 
Prospective, 
observational 
study design.  
N= 68.  
 
Disability Level (PDSS):  
Median= 2, Interquartile 
Range= 0-3. 
 
Gender: 
Female= 56, Male= 12.   
 
Age (years): 
Mean= 49.1, SD=8.8.  
GLTEQ 
Acti-Graph 
Accelerometer (7-day 
total movement counts) 
Self-Efficacy: 
EXSE 
 
Outcome Expectancies: 
MOESS 
 
Goal-Setting: 
EGS 
 
Social Support: 
SPS 
18-month changes in 
self-efficacy (path 
coefficient= 0.25, p< 
0.01) and goal-setting 
(path coefficient= 0.26, 
p<0.01) had direct 
effects on residual 
change in PA.  
 
The change in self-
efficacy also had an 
indirect effect on 
residual change in PA 
that was accounted for 
by change in goal-
setting (path 
coefficient= 0.05, p< 
0.05).  
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TITLE: Pilot study exploring 
quality of life and barriers to leisure-
time physical activity in persons 
with moderate to severe Multiple 
Sclerosis.  
AUTHOR: Vanner, E., Block, P., 
Christodoulou, C., Horowtiz, B., 
Krupp, L.  
JOURNAL: Disability and Health 
Journal 
Year Published: 2008.  
Cross-sectional 
study design.  
N= 43.  
 
Disability Level (EDSS):  
6.0= 20, 6.5= 10, 7.0= 5, 
7.5=6, 8.0=2, 8.5=0.  
 
Gender: 
Female= 31, Male= 12.   
 
Age (years): 
Mean= 53.74, SD=10.28. 
PADS Self-Efficacy: 
The General Perceived 
Self-efficacy Scale 
(GPSS) 
 
Barriers to Physical 
Activity: 
The barriers to physical 
activity disability scale 
(BPADS).  
 
High levels of PA were 
associated with higher 
levels of self-efficacy 
(p= 0.001) when 
collectively correlated 
with measures of 
apathy, depression, 
fatigue and cognitive 
impairment using a 
canonical correlation 
analysis.  
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Source 
 
Design  Participants  Intervention Physical Activity 
Outcome Measure 
Psychosocial 
Construct 
Measure 
Results 
TITLE: Effects of a 1-day 
education program on 
physical functioning, activity 
and quality of life in 
community living persons 
with Multiple Sclerosis.21 
AUTHOR: Feys, P., Tytgat, 
K., Gijbels, D., DeGroote, L., 
Baert, I., Van Asch, P. 
JOURNAL: 
Neurorehabilitation 
 
Year Published: 2013 
 
 
Uncontrolled 1 
day intervention 
study 
2 Groups divided by 
Patient Determined 
Disease Steps (PDSS) (1: 
<1 and 2: >1):  
 
Group 1: 
N= 24 
 
Disability Level: Mean= 
0.9, SD= 0.3 
 
Gender: 
Female= 22, Male= 2 
 
Age (years): 
Mean= 37, SD= 10 
 
Group 2: 
N= 18 
 
Disability Level: 
Mean= 3.2, SD= 1.3 
 
Gender: 
Female= 11, Male= 7 
 
Age (years): 
Mean= 50, SD= 11 
 
A single day education 
session organised by 
the Flemish MS 
Society on exercise 
and sport. The day had 
theoretical and 
practical sessions and 
was run by 
physiotherapists and 
rehabilitation 
researchers.  
 
Questionnaires sent at 
baseline, 3 months and 
six months.  
Physical Activity 
Scale for 
Individuals with 
Physical 
Disabilities 
(PASIPD) 
Self-Efficacy: 
Exercise Self-
Efficacy Scale 
(ESES) 
No significant 
changes were 
found for ESES.  
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Source 
 
Design  Participants Intervention Physical Activity 
Outcome Measure 
Psychosocial 
Construct 
Measure 
Results 
TITLE: Internet Intervention 
for Increasing Physical 
Activity in Persons with 
Multiple Sclerosis.20 
AUTHOR: Motl, R., 
Dlugonski, D., Wojicicki, T., 
McAuley, E., Mohr, D. 
JOURNAL: 
Multiple Sclerosis Journal 
 
Year Published: 2011 
 
 
Randomised 
Control Trial 
Intervention Group 
N= 23 
 
Disability Level (PDSS):     
Mean= 8.1, SD= 6.5 
 
Gender: 
Female= 21, Male= 2 
 
Age (years): 
Mean= 46.1, SD= 10.4 
 
Control 
 
N= 25 
 
Disability Level (PDSS):     
Mean= 7.3, SD= 6.2 
 
Gender: 
Female= 22, Male= 3 
 
Age (years): 
Mean= 45.6, SD= 9.2 
 
Participants randomly 
allocated to an Internet 
intervention or a 
waitlist control. 
 
Internet intervention 
was based on Social 
Cognitive Theory 
(SCT). The content 
was text-based and 
supplemented by video 
and portable document 
formats (PDFs). The 
intervention lasted 3 
months.  
 
 
Godin Leisure-
Time Exercise 
Questionnaire 
(GLTEQ).  
Self-Efficacy: 
Exercise Self-
Efficacy Scale 
(EXSE) 
 
Outcome 
Expectancies: 
Multidimensional 
Outcomes 
Expectations for 
Exercise Scale 
(MOEES) 
 
Goal Setting: 
Exercise Goal 
Setting Scale 
(EGS) 
Intervention group 
reported a 
statistically 
significant 
(p=0.01) and large 
increase in physical 
activity over time ( 
d= 0.72) 
 
The intervention 
group further 
reported a 
statistically 
(p=0.001) and 
large increase 
(d=0.97) in goal 
setting over time. 
The change in goal 
setting over time 
mediated the effect 
of the effect of the 
Internet 
intervention on 
physical activity 
behaviour.  
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Source 
 
Design  Participants Intervention Physical Activity 
Outcome Measure 
Psychosocial 
Construct 
Measure 
Results 
TITLE: Self-efficacy and 
health status improve after a 
wellness program in persons 
with Multiple Sclerosis23 
AUTHOR: Ng, A., 
Kennedy, P., Hutchinson, B., 
Ingram., A., Vondrell, S., 
Goodman, T., Miller, D. 
JOURNAL: 
Disability and Rehabilitation 
 
Year Published: 2013 
 
 
Uncontrolled 4 
day intervention 
study.  
Intervention Group 
N= 129 
 
Disability Level 
(Expanded Disability 
Status Scale Score): 
Median= 3.5, Range= 0-
9.5. 
 
Gender: 
Female= 99, Male= 30. 
 
Age (years): 
Mean= 49, SD= 11.  
 
 
4 day wellness 
program that consisted 
of psychological and 
physiological 
evaluations, lectures 
and workshops.  
 
Measures were 
assessed after 
intervention and at 1, 3 
and 6 months.  
PASIPD Self-Efficacy: 
Multiple Sclerosis 
Self-Efficacy 
(MSSS) 
 
 MSSE improved 
after intervention 
(p < 0.001).  This 
improvement was 
maintained at 1, 3 
and 6 months (all p 
</= 0.001).  
 
PASIPD did not 
change (p =0.36) 
from initial values.  
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Source 
 
Design  Participants Intervention Physical Activity 
Outcome Measure 
Psychosocial 
Construct 
Measure 
Results 
TITLE: Pilot Trial of a 
Social Cognitive Theory-
Based Physical Activity 
Intervention Delivered by 
Nonsupervised Technology 
in Persons with Multiple 
Sclerosis.22 
AUTHOR: Suh, Y., Motl., 
R., Olsen, C., Joshi, I.  
JOURNAL: 
Journal of Physical Activity 
and Health.  
Year Published: 2015 
 
 
6 week 
behavioural  
intervention 
Intervention Group 
N= 34 
 
Disability Level (PDDS): 
Mean= 2.0, SD= 1.8 
 
Gender: 
Female= 30 , Male= 4. 
 
Age (years): 
Mean= 50.1, SD= 8.1.  
 
Control Group 
N= 34 
 
Disability Level (PDDS): 
Mean= 2.2, SD= 1.8 
 
Gender: 
Female= 26 , Male= 8. 
 
Age (years): 
Mean= 48.0, SD= 9.4.  
 
 
 
 
6 week intervention 
where participants 
received 6 newsletters 
based on SCT. They 
also received 2 phone 
calls a week.  
 
The control group 
received 6 newsletters 
unrelated with physical 
activity change.  
Godin Leisure-
Time Exercise 
Questionnaire 
(GLTEQ) 
Self-efficacy: 
Exercise Self-
efficacy Scale 
(EXSE) 
 
Outcome 
Expectancies: 
Multidimensional 
Outcomes 
Expectations for 
Exercise 
Scale(MOESS) 
 
Goal-Setting: 
Exercise Goal-
Setting Scale 
(EGS) 
 
Social Support: 
Social Support and 
Exercise Survey 
(SSES) 
Significant change 
in physical activity 
within the 
intervention group  
( p= 0.02) and non-
significant change 
in control group      
(p=0.45) 
 
Goal-Setting was 
the only 
psychosocial 
construct to show a 
significant 
improvement in the 
intervention group 
(p </= 0.01) and 
identified a 
significant 
mediator of change 
in PA.  
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